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FOREWORD 

Man i s  f requent ly  exposed t o  ion iz ing  r a d i a t i o n  combined wit'n o the r  f a c t o r s  
during t h e  operat ion of plodern machines. A s  a r e s u l t  t h e  r a d i a t i o n  e f f e c t s  may 
change considerably,  This i s  a m a t t e r  of both p r a c t i c a l  and t h e o r e t i c a l  i n t e r -  
es t ,  s ince  t o  understand r a d i a t i o n  r eac t ions  we must know how they  change under 
t h e  inf luence of add i t iona l  agents.  Quite a f e w  s t u d i e s  have d e a l t  with the 
combined e f f e c t s  of r a d i a t i o n  and nonradiat ion f a c t o r s  on animals, and the  sub- 
j e c t  is now an independent branch of radiobiology and medicine. However, t he re  
have only been a few a r t i c l e s  r epor t ing  on t h e  b i o l o g i c a l  e f f e c t s  of i on iz ing  
r ad ia t ion  combined w i t h  such dynamic f a c t o r s  as acce le ra t ion  and v ib ra t ion .  

Our obJec t ive  w a s  t o  i n v e s t i g a t e  the  na ture  of t h e  e f f e c t s  of r a d i a t i o n ,  
acce le ra t ion  and v i b r a t i o n  on c e r t a i n  phys io logica l  func t ions .  It w a s  neces- 
s a ry  t o  begin by s tudying the e f f e c t  of each f a c t o r  s epa ra t e ly ,  then t o  deter- 
mine t h e  p o s s i b i l i t i e s  of t h e  orgm-ism adapt ing t o  t h e m  and f i n a l l y  t o  a s c e r t a i n  
how r a d i a t i o n  changes them and how under t he i r  inf luence t h e  r a d i a t i o n  e f f e c t s  
are themselves changed. 

The f i r s t  a r t i c l e s  i n  t h i s  c o l l e c t i o n  examine the  e f f e c t  of a c c e l e r a t i o n ,  
w i t h  t he  fol lowing c r i t e r i a  se rv ing  as indices :  rate of blood flow i n  t h e  
-Jenous system of t h e  b r a i n ,  unconditioned motor r e f l e x e s  and e x c i t a b i l i t y  of 
t h e  v e s t i b u l a r  apparatus .  V. Y a .  Klimovitskiy inves t iga t ed  the r e a c t i o n s  of 
t h e  c e r e b r a l  venous system and the  adapt ive c a p a b i l i t i e s  of t h e  m a t u r e  organism. 
The work of A .  A. Gyurdzhian znd coworkers, c a r r i e d  out  under the  d i r e c t i o n  of 
0 .  G .  Gazenko, Doctor of B io log ica l  Sc iences ,  deals w i t h  t he  r e a c t i o n  of animals 
t o  prolonged exposure t o  t h i s  f a c t o r  during p o s t n a t a l  development, beginning 
wi th  t h e  e a r l i e s t  s t ages .  

The remaining a r t i c l e s  d i scuss  the combined e f f e c t  of ion iz ing  r a d i a t i o n  

pronounced e f f e c t  on t h e  func t ions  under s tudy,  and which permit us t o  d e t e r -  
mine t h e  main p a t t e r n s  of the r eac t ions  t o  r a d i a t i o n  and t o  combined agents ,  
even i n  cases  w h e r e  l a rge-sca le  experiments cannot be performed owing t o  t he  
laboriousness  of t h e  methods. 
t i o n  physiology group, I n s t i t u t e  of Biophysics,  USSR Academy of Sciences,  N .  N .  
L i v s h i t s ,  Di rec tor )  w a s  t o  s tudy  the e f f e c t  of these f a c t o r s  on some of t h e  
c e n t r a l  nervous system func t ions .  P a r t  of t h e  ma te r i a l  contained i n  t h e  works 
of Z .  I. Apm-asenko and M. A. Kuznetsova w a s  published i n  abridged form i n  the  
c o l l e c t i o n  "Problemy kosmicheskoy b io log i i "  (Problems of Space Biology) V o l .  3 ,  
1964. 
conclusions could not  be drawn. Some of the material from t h i s  c o l l e c t i o n  has 
been unavoidably dupl ica ted  i n  t h i s  book, f o r  otherwise the  a r t i c l e s  could not  
be f u l l y  understood. 

and v ib ra t ion .  The authors  used l e t h a l  doses of r a d i a t i o n ,  which have a /4 

The main purpose of the i n v e s t i g a t o r s  ( t h e  radia- 

However, t he  experimental  d a t a  had not y e t  been processed and a l l  t h e  
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A cont r ibu tor  t o  t h i s  c o l l e c t i o n  i s  
a t ion  Genetics,  I n s t i t u t e  of Biophysics, 
t he  e f f e c t  of r a d i a t i o n  and v ib ra t ion  on 
under the d i r ec t ion  of M .  A .  Arsen'yeva. 

Yu. S .  Demin of t he  Laboratory of Radi- 
who r epor t s  a d e t a i l e d  inves t iga t ion  of 
bone m a s r o w  c e l l s ,  which he c a r r i e d  out  

A comparison of the inf luence of these  
f a c t o r s  on d i f f e r e n t  func t iona l  systems w i l l  throw l i g h t  on t h e  bas ic  p a t t e r n s .  

To e luc ida te  the mechanisms of' the  observed changes, it w a s  necessary 
c r i t i c a l l y  t o  review t h e  l i t e r a t u r e  dea l ing  with t h e  e f f e c t  of v ib ra t ion  on t h e  
nervous system. This w a s  done by L .  D.  Luk'yanova. 

The combined e f f e c t s  of ionizing r a d i a t i o n  and dynamic f a c t o r s  should be 
regarded as p a r t  of the  genera l  problem of the combined e f f e c t s  of ion iz ing  
r ad ia t ion  and o ther  f a c t o r s  on the animal organism. 

A comparison of our experimental  material w i t h  the  published data is  found 
i n  N .  N .  Livsh-its '  a r t i c l e .  

v i  



N. N. L ivsh i t s  

ABSTRACT 

The l i t e r a t u r e  on combined e f f e c t s  of i on iz ing  rad ia-  
t i o n  and nonradiat ion f a c t o r s  on mammalian organisms i s  re- 
.:iewed. The probletr. of t h e  mechanism of organism response 
t o  combined f a c t o r s  i s  discussed.  Published r e s u l t s  of ex- 
per imental  i nves t iga t ions  of combined e f f e c t  of v ib ra t ion  
and ion iz ing  r a d i a t i o n  on some animal organism funct ions  are 
discussed.  These s t u d i e s  are compared wi th  l i t e r a r y  da t a ,  
and t h e  mechanism of higher  animal reac t ions  t o  combined ef- 
f e c t  of v ib ra t ion  arid ion iz ing  r a d i a t i o n s  i s  considered. 
A suggestion is  expressed t h a t  i n  responses t o  v ib ra t ion  
and i r r a d i a t i o n  e f f e c t s  s i d e  by s i d e  wi th  t h e  mechanisms de- 
sc r ibed  i n  l i t e r a t u r e ,  p a r a b i o t i c  processes  i n  the  nervous 
system may be of g r e a t  importance. 

There i s  now an ex tens ive  l i t e r a t u r e  on the  genera l  problem of the  - /5* 
combined e f f e c t s  of ion iz ing  r ad ia t ion  and nonradiat ion f a c t o r s  on t h e  or- 
ganism, an exhaust ive review 3f which does not come wi th in  the  scope of t h i s  ar- 
t i c l e .  W e  wish merely t o  d i scuss  t h e  cu r ren t  s t a t u s  of t he  problem and t o  com- 
pare  t h e  r e s u l t s  of our  work with t h e  published da ta .  

Many s t u d i e s  d e a l t  wi th  t h e  effect of combined l e s i o n s  produced by ion iz ing  
r a d i a t i o n  and o t h e r  In ju r ious  agents .  

N.  N. Aleksandrov e t  a l .  (1962) inves t iga ted  whole-body X- i r rad ia t ion  with 
a dose of 600 r and c r a n i a l  trauma i n  r a b b i t s .  A s teri le skull wound i n  t h e  
f r o n t o p a r i e t a l  region w a s  i n f l i c t e d  immediately a f t e r  i r r a d i a t i o n ,  using s u r g i -  
c a l  instruments without anes thes ia .  The wound w a s  in fec ted  wi th  s tandard cu l -  
t u r e s  of pathogenic microorganisms. It w a s  t r e a t e d  s u r g i c a l l y  th ree  days later.  
Thus, t hese  experiments involved a combination o f  pa in ,  trauma and i n f e c t i o n .  
Eoth the  pene t r a t ing  and t h e  nonpenetrating s k u l l  wounds severe ly  complicated 
the  course of the  r a d i a t i o n  s ickness .  

S. S. Sokolov (1956) i n f l i c t e d  on guinea p igs  a sk in  and p a r t i a l  muscle 
wound 2.5.3.0 cm i n  s i z e  immediately after whole-body X- i r r ad ia t ion  w i t h  a 
dose of 400 r. Some of the  animals w e r e  kept  without  bandages i n  n o n s t e r i l e  

*Numbers given i n  t h e  margin i n d i c a t e  t h e  pagina t ion  i n  the o r i g i n a l  foreign 
text .  



condi t ions ,  while o thers  received s t e r i l e  bandages. The wounds of the i r r a d i -  
ated guinea p igs ,  even those without s ter i le  bandaggs , took 3-5 days longer t o  
heal than d id  t h e  wounds of the animals traumatized without i r r a d i a t i o n .  More- 
over,  the trauma considerably aggravated the course of t he  r ad ia t ion  s ickness .  
The loss of weight of t he  irradiated and traumatized animals w a s  sharper and 
t h e  r e s t o r a t i o n  of normal weight took longer than i n  the  irradiated, but  not 
traumatized animals. The c l i n i c a l  symptoms of r a d i a t i o n  s ickness  w e r e  more 
pronounced and m o r t a l i t y  w a s  higher i n  the f i r s t  group. 

Resection of t h e  r ad ius  performed 30 min after whole-body i r r a d i a t i o n  
w i t h  a dose of 690 r increased the m o r t a l i t y  rate of rabbi t s  and magnified the  
weight loss during r a d i a t i o n  s ickness  (Bl inov,  1958). 

/6 

Frac ture  of the tubular  bones i n  rabbits after i r r a d i a t i o n  w i t h  a dose of' 
900 r g r e a t l y  complicated the c l i n i c a l  course of r a d i a t i o n  s ickness .  The loss 
of weight w a s  more pronounced, u lcera t ive-necro t ic  processes i n t e n s i f i e d  i n  t h e  
t i s s u e s  and mor t a l i t y  w a s  higher  than i n  t h e  animals exposed only t o  i r r a d i a t i o n  
( Shcherb ina ,  1962) . 

Morta l i ty  w a s  h igher  among rabbi t s  subjected t o  traumatic shock 30 min 
after whole-body i r r a d i a t i o n  with a dose of 700 r than after i r r a d i a t i o n  alone 
( I l ' i n s k a y a  and Astakhova, 1959). 

S .  I. Fayn (1963) presents  t h e  r e s u l t s  of a h i s t o l o g i c a l  i nves t iga t ion  of 
gangl ia  of t h e  c e l i a c  plexus and intramural  apparatus of t h e  s m a l l  i n t e s t i n e  i n  
rabbi ts  rece iv ing  a wound or r e sec t ion  of the s m a l l  i n t e s t i n e  24 hours after 
whole-body i r r a d i a t i o n  wi th  a dose of 4.00 r .  I n  animals subjected t o  trauma 
without i r r a d i a t i o n ,  r e a c t i v e  changes i n  t h e  gaqgl ia  were noted i n  only a f e w  
cases .  Various morphological changes w e r e  observed i n  the c e l i a c  plexils and 
nerve gang l i a  of t h e  s m a l L  i n t e s t i n e  i n  a l a o s t  a l l  i r r a d i a t e d  r aSb i t s .  

Ye. N .  Tsverava e t  al.  (1359) exposed dogs t o  a shock wave produced by ex- 
ploding 600-800 g of ammonal 50-60 cm away from t h e  animal j u s t  before  whole- 
body X- i r r ad ia t ion  with a dose of 603-800 r .  The c l i n i c a l  course of t h e  ensuing 
r ad ia t ion  s ickness  w a s  more severe than after i r r a d i a t i o n  alone. The individual. 
ac t ion  of each of t h e  f a c t o r s  r e s u l t e d  i n  reduct ion of blood p ro te in ,  due t o  de- 
creased albumin content  desp i t e  s l i g h t  increase i n  globul in  content .  These phe- 
nomena w e r e  p a r t i c u l a r l y  marked i n  t h e  dogs subjected t o  t h e  combined a c t i o n .  

Sh. R .  Topuriya e t  a l .  (1959) descr ibes  t h e  summation of pathomorphological 
changes i n  dogs exposed t o  a shock wave and X- i r rad ia t ion  with doses ca l cu la t ed  
t o  cause acute  r a d i a t i o n  s ickness .  These animals developed hemorrhages as w e l l  
as the  lung changes c h a r a c t e r i s t i c a l l y  produced by a shock wave. 

G .  Ye. Kevleshvi l i  e t  al .  (1959) found tha t  i n  dogs exposed t o  the com- 
bined e f f e c t s  of a shock wave and X- i r rad ia t ion  (doses not mentioned) the  vol -  
ume'of c i r c u l a t i n g  blood decreased as e a r l y  as the second day, i . e . ,  sooner /7 
than after i r r a d i a t i o n  without add i t iona l  agents .  The authors  a sc r ibe  t h i s  phe- 
nomenon t o  t h e  f a c t  t h a t  i n  the  f i r s t  group of animals extensive hemorrhages 
developed i n  t h e  v i sce ra .  This w a s  confirmed at autopsy. 
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V .  M. Varsunina (1362) noted tha t  r a d i a t i o n  s ickness  followed a more 
severe course i n  dogs burned w i t h  b o i l i n g  w a t e r  poured over 4 percent  of t h e  
body sur face  fol lowing whole-b2dy X- i r r ad ia t ion  w i t h  a dose of 300 r .  

D .  A .  Golubentsev and N .  A .  Shevyreva (1960) produced second- and t h i r d -  
degree burns over  15-17' percent  of the  body su r face  of dogs wi th in  33 min of 
uhole-body gamma-irradiatton w i t h  doses of 100, 290, and 400 r . 

These burns as w e l l  as the combination of burns and i r r a d i a t i o n  caused 
shock. According t o  t he  l i t e r a t u r e ,  burns produce p e r s i s t e n t  hyperglycemia. 
However , as Golubentsev and Shevyreva observed, t h e  combination of burns and 
i r r a d i a t i o n  caused hypoglycemia wi th in  t h e  f i r s t  hour or two. The au thors  re- 
garded t h i s  as evidence of e a r l y  in su f f i c i ency  of l i v e r  carbohydrate f unc t ion ,  
:.e. , one or' t h e  more severe a f t e r e f f e c t s  of trauma. 

B . M .  Khromov ( 15150) concluded from a review of the literature and h i s  own 
experiments t h a t  r a d i a t i o n  l e s ions  gene ra l ly  aggravate  the course of mechanical 
and thermal  traumas, which, i n  t u r n ,  aggra.;rate the course and outcome of the 
r a d i a t i o n  l e s ions .  Khromov noted,  however, t h a t  i n  very rare cases  one i n j u r y  
may favorably  a f f e c t  t h e  o the r .  

To vnde r s tmd  t h e  mechanism of combined a c t i o n ,  w e  must take i n t o  account 
t he  p o s s i b i l i t y  of a lack of mutual aggravat ion o r  a l l e v i a t i o n  of i n j u r i e s .  It 
has been found t h a t  mutual aggravat ion f r equen t ly  occurs  on ly  when bo th  i n j u r i -  
ous agents  achieve a c e r t a i n  i n t e n s i t y .  

N .  S.  Dzhavadyan e t  a l .  (1958) found t h a t  traumatic shock caused by  severe 
t ra i imat izat ion of muscles i n  t h e  h ind  l e g s  of dogs 12-20 min after whole-body 
i r r a d i a t i o n  w i t h  a dose of 300 r did not aggravate  the course of r a d i a t i o n  s i c k -  
ness  i n  t h e  animals.  But t h i s  f a c t o r  did cons iderably  aggravate t h e  r e s u l t s  of 
i r r a d i a t i o n  w i t h  a dose of 600 r .  

Clemedson and Nelson (1955) exposed groups of m i c e  to whole-body X -  
i r r a d i a t i o n  wi th  doses of 2 5 ,  50 ,  109, 200, 303, 430, 500 and 600 r and, a f e w  
hours later, to a shock wave whichcaused m i l d ,  heavy and severe lung damage. 
The weight and s u r v i v a l  t i m e  cf  the  animals w e r e  taken i n t o  account. 

Araong the mice sub jec t ed  t o  t h e  blast alone,  s l i g h t  m o r t a l i t y  occurred only 

/8 
t h e  f i r s t  two days thereafter. 
later, depending on the  dose. After combined a c t i o n  m o r t a l i t y  began wi th in  
48 hours ,  j u s t  as it did after the blast alone,  b u t  t h i s  did not  a f f e c t  t h e  30 
day s u r v i v a l  rate of t h e  animals.  

The irradiated animals began t o  die 8-12 days 

A s i g n i f i c a n t  i n t e n s i f i c a t i o n  of the e f f e c t s  of combined f a c t o r s  occurred 
on ly  when i r r a d i a t i o n  of the h ighes t  dose used w a s  combined wi th  a blast of 
maximum power. Some groups of mice subjec ted  t o  smaller doses of i r r a d i a t i o n  
and to a blast of maximum power regained t h e i r  normal weight sooner than did 
t h e  a n i m a l s  exposed only  t o  i r r a d i a t i o n .  

By way of c o n t r a s t ,  some authors  note  t ha t  a d d i t i o n a l  agents  al ter t h e  
e f f e c t  of i r r a d i a t i o n  only when s m a l l  doses of i on iz ing  r a d i a t i o n  are used 
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(Bychkovskaya, 1955; Zakharzhevskiy, 1960; Shcherban', 1960; o t h e r s ) .  These i n -  
ves t iga t ions  w i l l  be discussed below. 

Also of s ign i f icance  i s  the i n t e r v a l  of t i m e  between i r r a d i a t i o n  and t r a u -  
mat izat ion.  
w i t h  doses of 1000, 1500 and 2000 r combined with s u r g i c a l  trauma. Wounds 2.5 
cm long w e r e  i n f l i c t e d  on nonanesthetized rabbi ts .  The course of r ad ia t ion  
s ickness  w a s  most severe i n  t h e  animals operated on 3 hours after i r r a d i a t i o n .  
If  the  wounds were i n f l i c t e d  24 hours a f t e r  i r r a d i a t i o n ,  they  d i d  not  aggravate 
t h e  r a d i a t i o n  s ickness .  O f  33 rabbits operated on 3 hours after i r r a d i a t i o n ,  4 
survived; of 32 operated on 24 hours after i r r a d i a t i o n ,  8 survived. The wounds 
tha t  w e r e  i n f l i c t e d  j u s t  before  or after i r r a d i a t i o n  not  on ly  had no unfavorable 
e f f e c t  b u t ,  according t o  the author ,  even mi t iga ted  the course of t h e  r a d i a t i o n  
s ickness .  

I .  N .  Kruk (1960) descr ibes  the r e s u l t s  of whole-body X- i r rad ia t ion  

V.  B .  Zakharzhevskiy (1960),  i n  experiments on c a t s ,  combined whole-body 
X- i r r ad ia t ion  w i t h  a dose of 400 r and func t iona l  trauma of t h e  c e n t r a l  nervous 
system. The trauma w a s  caused by so-ca l led  e l e c t r i c  i n t e r f e rence ,  i .e., passing 
an e l e c t r i c  cur ren t  through t h e  body of an animal while it i s  eating. I f  t h e  
i r r a d i a t i o n  w a s  c a r r i e d  out  from 3 t o  30 days or j u s t  after t h e  in t e r f e rence ,  
t h e  s e v e r i t y  of t he  s ickness  increased considerably,  as d id  mor ta l i ty .  However, 
i f  t he  c a t s  were irradiated within 1 hour or 24 hours after the trauma, radia- 
t i o n  s ickness  w a s  milder than i n  t h e  animals t h a t  w e r e  only i r r a d i a t e d .  

V .  I .  Popov e t  a l .  (1960) exposed rats t o  whole-body i r r a d i a t i o n  with a 
dose of 500 r and induced shock by e l e c t r i c  s t imula t ion  of t h e  s c i a t i c  nerve and 
venesection. I n  t h e  l a t e n t  per iod of r a d i a t i o n  s ickness ,  the  animals were 
rather r e s i s t a n t  t o  shock-inducing agents ,  b u t  shock w a s  easier t o  induce a t  t h e  
he ight  of t h e  s ickness .  

During t h e  recovery period, t h e  reac t ions  of t he  irradiated animals /9 
w e r e  the  same as i n  the i n t a c t  animals. Inves t iga t ions  of the b i o e l e c t r i c  ac- 
t i v i t y  of the autonomic nuc le i  of the hypothalamus, r e t i c u l a r  formation and 
ce reb ra l  cor tex  l ikewise confirmed the ex is tence  of' d i f fe rences  i n  the develop- 
ment of shock i n  r e l a t i o n  t o  the  t i m e  e laps ing  s ince  i r r a d i a t i o n .  There are 
t i m e s  a f t e r  i r r a d i a t i o n  or after i n f l i c t i n g  a wound when the e f f e c t  of t w o  i n -  
ju r ious  agents i s  less than  each of t h e m  appl ied  separa te ly .  However, t i m e  i s  
not the  only f a c t o r  responsible  f o r  t he  e f f e c t  of t h e  add i t iona l  trauma, and 
t he  reasons for the  d i f f e rences  and, sometimes, f o r  the d iamet r ica l ly  opposfte 
r e s u l t s  of combined ac t ion  are s t i l l  obscure. 

Other cases have been descr ibed i n  which the e f f e c t  of i r r a d i a t i o n  combined 
with o the r  i n ju r ious  f a c t o r s  w a s  no s t ronger  and, at t i m e s ,  w a s  even weaker than  
each f a c t o r  separa te ly .  

Carker  and Close (1962) exposed mice t o  explosive decompression ( the  ab- 
s t r a c t  from which t h i s  reference i s  taken does not nent ion the  parameters) soon 
after a semi le tha l  dose of whole-body i r r a d i a t i o n .  The m r t a l i t y  rate d i d  not  
s i g n i f i c a n t l y  exceed t h a t  of the group exposed t o  decompression alone.  
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A .  D .  Zurabashvi l i  e t  a l .  (1.958) i nves t iga t ed  the e f f e c t  of a c losed  skull 
inJury  and whole-body i r r a d i a t i o n  w i t h  a dose of 500 r i n  dogs. The i n j u r y  
caused a prolonged s tupor ,  loss  of a p p e t i t e ,  impairment of motor func t ion ,  and 
increased leukopoiesis  of bone marrow. Morphological changes i n  the c e n t r a l  
nervous system were similar t o  those  observed after a shock wave. I r r a d i a t i o n  
alone produced a t y p i c a l  acu te  r a d i a t i o n  syndrome. After t h e  combined i n s u l t s ,  
according t o  t h e  au thors ,  the c l i n i c a l  symptoms of r ad ia t ion  s ickness  w e r e  less 
pronounced than i n  animals exposed only t o  i r r a d i a t i o n ,  and the s t r u c t u r a l  
changes i n  t h e  nervous system were more moderate. I n  only  a f e w  ins tances  w a s  
there an i n t e n s i f i c a t i o n  of t h e  symptoms of r a d i a t i o n  s i ckness  ( t he  a b s t r a c t  
from which t h i s  re ference  i s  taken does not include t h e  q u a n t i t a t i v e  data). 

A.  N .  Gamaleya e t  al. (1959) r e sec t ed  20 em of t h e  ileum i n  anes the t ized  
dogs 4-5 hours after whole-body X- i r r ad ia t ion  w i t h  a dose of 600-650 r .  The 
course of t h e  pos topera t ive  r a d i a t i o n  s ickness  w a s  approximately t h e  same i n  
t h e  groups exposed t o  i r r a d i a t i o n  alone or t o  t h e  combined f a c t o r s .  

Y e .  A .  Kovalenko (19%) observed a combination of weakened e f f e c t  of 
trauma and i n t e n s i f i e d  e f f e c t  of i r r a d i a t i o n .  H e  compressed s o f t  t i s s u e s  
of t h e  femur with clamps f o r  8-9 hours.  "he r e s u l t  w a s  genera l ized  e x c i t a t i o n  
of t h e  animal, e l eva ted  arterial p res su re ,  r a p i d  pulse  and r e s p i r a t i o n  and i n -  
creased oxygen consumption. Exc i t a t ion  later a l t e r n a t e d  w i t h  depression.  The 
pressor  r e f l e x e s  decreased with impairment of t h e  i n t e n s i t y  r e l a t i o n s .  Func- 
t i o n a l  tests ind ica t ed  a diminution of the compensating c a p a b i l i t i e s  of t h e  
cardiovascular  system. After removal of the clamps, as the s e n s i t i v i t y  of the 
compressed t i s s u e s  w a s  r e s to red ,  marked e x c i t a t i o n  developed, followed by de- 
press ion  and dea th .  Whole-body i r r a d i a t i o n  w i t h  a dose of 350 r 1.5-2 hours 
before  app l i ca t ion  of the clamps mi t iga ted  the  r e a c t i o n  t o  compression. The 
i n t e n s i t y  of t he  vascular  r e f l e x e s  i n  these  dogs changed less, and t h e  phase 
phenomena were not  as common. After the combined a c t i o n ,  some of the  animals 
( 4  out  of 20) survived,  b u t  i n  a l l  surv ivors  r a d i a t i o n  s ickness  after renoval  
of t h e  clamps followed a more severe course and they  d ied  sooner than  d i d  t h e  
a n i m a l s  exposed t o  i r r a d i a t i o n  alone.  

/10 

Thus, among t h e  numerous s t u d i e s  on t h e  mutually aggravat ing e f f e c t  of 
two in ju r ious  agents  w e  a l so  f i n d  re ferences  t o  the l ack  of i n t e n s i f i c a t i o n  of 
t he  i n j u r y ,  and even t o  mi t iga t ion  t h e r e o f ,  i n  eva lua t ion  of the  r e s u l t s  from 
the t o t a l  e f f e c t .  

The mechanism of the combined ac t ion  of r a d i a t i o n  and o ther  f a c t o r s  i s  a 
h ighly  complex and l i t t l e  understood phenomenon, desp i t e  the f a c t  t h a t  t h e r e  is  
an ex tens ive  l i t e r a t u r e  on t h e  sub jec t .  According t o  the  published experimen- 
t a l  material, t h e  fo l lowing  are t h e  reasons f o r  t h e  change i n  r a d i a t i o n  e f f e c t  
i n  t h e  case of combined ac t ion :  

(1) change i n  oxida t ive  processes  i n  t i s s u e s  (oxygen e f f e c t ) ;  

(2 )  change i n  c e n t r a l  nervous system funct ion;  

(3)  change i n  organ and t i s s u e  func t ion;  



( 4 )  change i n  mi to t i c  a c t i v i t y  of t i s s u e s ;  

( 5 )  change i n  regenerat ive and compensatory processes;  

(6)  i n t e r a c t i o n  of the  e f f e c t s  of i r r a d i a t i o n  and the add i t iona l  f a c t o r  on 
the indiv idua l  r eac t ions  of the body. The inf luence of i r r a d i a t i o n  and the non- 
i r r a d i a t i o n  f a c t o r  on the d i f f e r e n t  processes m a y  be manifested i n  t h e  same or  
opposite d i r e c t i o n  .1 

These f a c t o r s  are far  from exhausting the  poss ib le  mechanisms of t h e  com- 
bined ac t ion .  But w e  s h a l l  comment on them, because the  ava i l ab le  experimental  
material i s  f a i r l y  abundant. /11 

The oxygen e f f e c t  has been t h e  objec t  of numerous inves t iga t ions .  Cer ta in  
pharmacological agents tha t  c r e a t e  hypoxia are used t o  provide p ro tec t ion  
aga ins t  r ad ia t ion .  Discussion of t h i s  aspec t  is beyond t h e  scope of our arti- 
c l e .  The oxygen e f f e c t  is usua l ly  ascr ibed t o  t h e  inf luence of hyper- and 
hypothermia on r ad io res i s t ance  of the animal organism. 

W e  should l i k e  t o  mention here the work o f  M. M. Konstantinova (1961, 
1962),  because the hypothermia used by t h i s  i nves t iga to r  w a s  itself' an i n j u r i -  
ous agent ,  one t h a t  k i l l e d  t h e  animals,  yet had a favorable  e f f e c t  on rad iore-  
s i s t a n c e .  Konstantinova four,d t ha t  cool ing the  body of mice r e s u l t e d  i n  a 
mor ta l i t y  rate of 9.5 f 6.56 percent  at 180, 65.2 f 10 percent  a t  120 and 
48.7 .It 8.7 percent  at  60c. After the mice w e r e  cooled t o  these  temperatures,  
garmna-irradiation with a dose of 900 r caused a m o r t a l i t y  rate of 90, 84, and 
64 percent ,  respec t ive ly .  Oxygen tens ion  i n  the organs of the  cooled mice w a s  
l o w .  

The e f f e c t  of nervous system funct ion  on r ad io res i s t ance  is pronounced. 
Although it has been in t ens ive ly  s tud ied ,  much remains t o  be done. The c l e a r -  
est r e s u l t s  w e r e  obtained by inves t iga t ing  t h e  e f f e c t  of func t iona l  trauma of 
t h e  nervous system on r ad io res i s t ance  (Kur ts in ,  l9%a, 1958b, 1959, 1961; 
Karpenko, 1959; Pashkovskiy, 1959; Popkov, 1961; Popov, 1958; Chursin, 1958; 
o t h e r s ) .  
X- i r rad ia t ion  w i t h  a dose of 250-350 r .  

I n  these experiments about 100 dogs w e r e  exposed twice t o  whole-body 

A neurosis  w a s  induced i n  some a n i m a l s  before  the f i r s t  exposure; i n  
o the r s ,  before  the second. Development of the experimental neurosis  w a s  v e r i -  
f i e d  i n  some of t h e  animals by t e s t i n g  the  conditioned r e f l exes .  

The authors  concluded tha t  r a d i a t i o n  s ickness  i n  animals wi th  a func t ion-  
a l l y  weakened nervous system i s  more severe than i n  those not  exposed t o  addi-  
t i o n a l  f a c t o r s .  I n  t h e  animals with an experimental neuros is ,  i r r a d i a t i o n  
caused even more severe impairment of some func t ions  of t h e  d iges t ive  organa. 

'The s i x  poss ib le  mechanisms of combined ac t ion  are l i s t ed  i n  t h i s  way f o r  
reasons of convenience i n  connection with t h e  following discussion r a t h e r  than 
i n  order of importance. 
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A. P.  Myasnikov ( c i t e d  i n  I .  T .  Kur ts in ,  1961) i n f l i c t e d  func t iona l  trauma 
on t h e  nervous system of c a t s  s h o r t l y  before  whole-body i r r a d i a t i o n  w i t h  a dose 
of 600 r or an hour later.  The method used w a s  " e l e c t r i c  in te r fe rence" ,  as i n  

bined with t h e  trauma, 19 died  6-9 days la ter ,  bu t  none of t h e  18 irradiated 
but  nontraumatized a n i m a l s  died. 

Zakharzhevskiy's experiments.  O f  36 c a t s  i n  which i r r a d i a t i o n  w a s  com- /12 

Change i n  nervous system funct ion  i s  apparent ly  caused by i n t e n s i f i c a t i o n  
of r a d i a t i o n  l e s ions  when i r r a d i a t i o n  i s  combined w i t h  pa in ,  b u t ,  unfor tuna te ly ,  
gas exchange i n  t he  experimental  animals w a s  not con t ro l l ed  i n  any of the i n -  
ves t iga t ions  known t o  us. 

T .  B. Movsenyan e t  a l .  (1962) s t imula ted  rabbits three times w i t h  an e l e c -  
t r i c  cu r ren t  before  i r r a d i a t i c - g  them w i t h  a dose of 950 r and at various t i m e s  
thereafter. The animals exposed t o  t h e  combined a c t i o n  had a more pronounced 
hemorrhagic syndrome and some o the r  manifestat ions of r a d i a t i o n  s ickness .  O f  
19 rabbits exposed t o  pain alone,  none died; of 10 irradiated rabbi ts ,  3 died; 
of 10 animals exposed t o  the combined a c t i o n ,  a l l  died. 

The r e l a t i o n s h i p  between t h i s  r e a c t i o n  and nervous system func t ion  has 
been analyzed by I .  B .  Bychkovskaya (1955). 
t h a t  s t imula t ion  w i t h  an e l e c t r i c  c u r r e n t  (10 v) increased mor t a l i t y  and s h o r t -  
ened t h e  l i f e  span of animals exposed only t o  whole-body i r r a d i a t i o n  w i t h  a 
dose of 440 r .  T h i s  e f f e c t  occurred whether or not  pa in  w a s  applied--during, 
before  or after i r r a d i a t i o n .  Pain without i r r a d i a t i o n  did not  k i l l  any of the 
a n i m a l s .  The same s t imu la t ion  had no e f f e c t  if the r a d i a t i o n  dose w a s  raised 
t o  790-1000 r ,  bu t  sharper and brief pa in  ( w i t h  40-% v cu r ren t )  halved the 
mean l i f e  span of mice i r r a d i a t e d  w i t h  700 r .  However, t h r e e  hours of pain of 
t h e  same i n t e n s i t y  d i d  not a f f e c t  the outcome of r a d i a t i o n  i n j u r y  when the  mice 
w e r e  s t imula ted  f o r  2 hours be fo re ,  dur ing  or 50 minutes after i r r a d i a t i o n .  
S t imula t ion  caused marked excLta t ion ,  which w a s  followed ha l f  an hour later by  
profound depression,  a t  which t i m e  the  animals w e r e  irradiated. The mice w e r e  
a l s o  i r r a d i a t e d  while i n  an exc i t ed  state after b r i e f  s t imula t ion .  

In experiments on mice she found 

H a l l  e t  a l .  (1962) found that  brief e l e c t r i c  s t imula t ion  at 2 min i n t e r -  
v a l s  over a per iod  of 8 hours before  X- i r r ad ia t ion  wi th  a semilethal dose had 
no e f f e c t  on t h e  m o r t a l i t y  or length of l i f e  of mice, b u t  t h e  s a m e  s t imula t ion  
appLied after i r r a d i a t i o n  r e s u l t e d  i n  100 percent  mor t a l i t y .  I r r a d i a t i o n  2 
hours after mice w e r e  de l ive red  to t h e  l abora to ry  (from a f a r m  45 m i l e s  away) 

the  same i r r a d i a t i o n  c a r r i e d  out  48 hours after de l ive ry .  
produced a higher  mor t a l i t y  rate w i t h  a s h o r t e r  mean l i f e  span than  d i d  /13 

Unfortunately,  t h e  authors  d i d  not spec i fy  t h e  f a c t o r s  involved i n  de- 
l i v e r y  of t h e  animals which ai ' fected t he i r  n l n e r a b i l i t y  t o  r a d i a t i o n ,  merely 
mentioning the stress" r e a c t t o n ,  

There i s  considerable  experimental  ma te r i a l  on i r r a d i a t i o n  combined w i t h  
pharmacological agents  capable  of altering nervous system func t ion ,  t h e  nar -  
c o t i c s  i n  p a r t i c u l a r .  Howeve-, it is  d i f f i c u l t  t o  eva lua te  t h i s  ma te r i a l  be- 
cause of t h e  complexity and d i v e r s i t y  of the r e s u l t s  of the pharmacological 
in te rvent ion .  Such drugs of t en  a c t  on o the r  processes  at  t h e  same t i m e ,  
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s p e c i f i c a l l y ,  gas exchange. 
scope of t h i s  a r t i c l e .  

Examination of these  d a t a  does not cane within the  

Several  i nves t iga t ions  w e r e  aimed at e luc ida t ing  t h e  r e l a t i o n s h i p  between 
r ad ia t ion  e f f e c t s  and func t iona l  state of organs and t i s s u e s .  

N .  V. Sokolova (1962) reviewed the extensive l i t e r a t u r e  and her own experi- 
mental f ind ings  on t h e  subjec t .  She w a s  concerned w i t h  s t r u c t u r a l  changes i n  
the  organs of animals irradiated i n  a state of r e l a t i v e  rest and under t h e  con- 
d i t i o n s  of a func t iona l  load on a p a r t i c u l a r  organ. The experimental  animals 
w e r e  mice and guinea p igs  irradiated w i t h  doses of 1000, 1200 and 1400 r .  A 
func t iona l  load w a s  p laced on t h e  kidneys by  i n j e c t i n g  diuretics--aminophylline 
and mersalyl.  The animals w e r e  irradiated at t h e  t i m e  of maximum d i u r e s i s .  
The l i f e  span of the experimental  animals w a s  shortened t o  one-third t h a t  of the 
con t ro l  animals with normal d i u r e s i s .  Morphological changes i n  the  kidneys w e r e  
much more pronounced i n  the experimental  mice. The r e n a l  s t r u c t u r e s  whose func- 
t i o n s  w e r e  exc i t ed  by the drugs w e r e  s e l e c t i v e l y  in jured .  To c r e a t e  a func- 
t i o n a l  load on the  l i v e r ,  mice w e r e  i n j e c t e d  with t h e  cholagogs t ansy  and dehy- 
drochol ic  ac id .  Pathomorphological changes i n  t h e  l i v e r  were more severe i n  the  
experimental  animals. Mostly the  parenchymatous c e l l s  were a f f ec t ed  i n  t h e  mice 
given tansy ,  as compared wi th  the  r e t i cu loendo the l i a l  c e l l s  i n  t h e  mice given 
dehydrocholic ac id .  

A l o c a l  load w a s  placed on the lumbar segments of t he  s p i n a l  cord i n  guinea 
p igs  by i n t e r m i t t e n t  e l e c t r i c  s t imu la t ion  of the muscles i n  the hind l e g  under 
urethan anes thes ia  during i r r a d i a t i o n .  Mice w e r e  irradiated w h i l e  s w i m m i n g .  I n  
the guinea p igs ,  s t r u c t u r a l  changes i n  t h e  s p i n a l  cord w e r e  l oca l i zed  mainly i n  
the  segments connected with the  muscles that funct ioned,  whereas i n  t h e  mice 
t h e  s p i n a l  cord l e s ions  w e r e  d i f f u s e .  

Mice i r r a d i a t e d  while i n  es t rus  exhib i ted  more severe morphological changes 
i n  t h e  u t e r ine  mucosa than  d id  t h e  c o n t r o l  animals. 
t he  d iv id ing  c e l l s  of regenerat ing epidermis.  

The f i r s t  t o  d i e  were /r4 

Radiation i n j u r y  is  also more severe when the func t iona l  a c t i v i t y  of an 
organ i s  increased after i r r a d i a t i o n .  

S.  S.  Vayl' and D .  S . Sarkisov (1973) inves t iga ted  g a s t r i c  mucosa i n  c a t s  
after whole-body i r r a d i a t i o n  w i t h  a dose of 300 r under d i f f e r e n t  feeding rou- 
t i n e s .  C a t s  r egu la r ly  fed once a day after i r r a d i a t i o n  w i t h  f a t t y  food had no 
hemorrhages i n  the mucosa, whereas ha l f  the a n i m a l s  f a s t e d  f o r  two days after 
the  last feeding and then given a la rge  por t ion  of oatmeal with m i l k  had mul t i -  
p l e  hemorrhages. 

However, increased func t iona l  a c t i v i t y  does no t  always aggravate t h e  course 
of r a d i a t i o n  s ickness .  

N .  V .  Sokolova and T . I. Gorshenina (1960) found t h a t  increased r e n a l  func- 
t i o n  after t h e  adminis t ra t ion  of d i u r e t i c s  24, 48 and 72 hours fol lowing whole- 
body X- i r rad ia t ion  of mice w i t h  a dose of 1400 r not only s i g n i f i c a n t l y  increased 
the  l i f e  span of mice, bu t  prevented i n j u r y  t o  r e n a l  parenchyma. Hi s to log ica l  
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impairment w a s  pronounced i n  the r e n a l  parenchyma of the mice tha t  w e r e  irradi- 
a ted  bu t  not subJected t o  any o the r  agent ,  bu t  w a s  almost impercept ible  i n  t h e  
animals given d i u r e t i c s  after Fr rad ia t ion .  This unexpected r e s u l t  ( i n  view of 
the  o ther  data of t hese  inves t lga to r s )  w a s  due, according t o  the au thors ,  t o  
t h e  f a c t  t'nat t h e  d i u r e t i c s  adr i inis tered a f t e r  i r r a d i a t i o n  had a s p e c i f i c a l l y  
therapeut ic  e f f e c t  by de tox ica t ion  of t h e  organism. 

The r e s u l t s  of invest igatLons i n  which animals were exposed t o  i r r a d i a t i o n  
and strenuous muscular e x e r t i o n  are q u i t e  cons i s t en t  w i t h  the view t h a t  radia- 
t i o n  v u l n e r a b i l i t y  i s  heightened i n  s y s t e m  found i n  a state of i n t e n s i f i e d  
func t iona l  a c t i v i t y .  

'q-J 
B .  A.  Markelov (1961) i n j e c t e d  rats intravenously w i t h  S r i  at the  r a t e  of 1 

Kcf/k€? and made t h e m  run every day on a t r e a d m i l l  a t  3.5 k m  an hour for 15 
days. The running increased  gas exchange 18-20 percent .  

Mor ta l i ty  w a s  52 percent  .in t he  group of rats exposed only  t o  i r r a d i a t i o n  
for 60 days,  whereas it w a s  100 percent  among the animals subjec ted  t o  the  two 
f a c t o r s .  

S .  N .  Sergeyev (1960) sub,jected rabbi t s  t o  phys ica l  exe r t ion  d a i l y  for 
seve ra l  days after whole-body X- i r r ad ia t ion  w i t h  a dose of 1000 r .  The 
physical  e x e r t i o n  involved running on a treadmill u n t i l  exhaustion. O f  the  2 1  
animals i n  this group, 14 d ied  wi th in  14 days of i r r a d i a t i o n .  Albuminous and 
f a t t y  degeneration of the myocardium w a s  pronounced i n  a l l .  

Prel iminary condi t ion ing  13 ignif  i c a n t l y  increased t h e  a n i m a l s '  r e s i s t a n c e  
t o  t h e  combined a c t i o n  of running and r a d i a t i o n .  Mor ta l i ty  w a s  much lower 
among t h e  rabbits fo rced  t o  run on the treadmill d a i l y  f o r  10-15 days before  
and after i r r a d i a t i o n  or only 'Defore i r r a d i a t i o n :  1 out  of 19 and 1 out  of 15 
r a b b i t s ,  r e spec t ive ly .  Myocardial changes w e r e  i n s i g n i f i c a n t  . 

However, when moderate phys ica l  e x e r t i o n  is  combined w i t h  i r r a d i a t i o n ,  t h e  
r e s u l t s  are d i f f e r e n t .  

V .  M. Pinchuk and E .  I .  S'icherban' (1958) subJected mice t o  moderate physi-  
c a l  exercise--swimming for 30 min i n  w a t e r  w i t h  a temperature of 25-300 j u s t  
a f t e r  whole-body X- i r r ad ia t ion  w i t h  doses of 800 and 1200 r .  After the  com- 
bined a c t i o n ,  J u s t  as i n  t h e  experiments of o the r  authors  who combined i r r a d i a -  
tion w i t h  a func t iona l  load ,  degenerat ive changes i n  the organs of t he  m i c e  
w e r e  more pronounced than i n  the a n i m a l s  exposed to i r r a d i a t i o n  alone.  The 
authors  noted more ex tens ive  albuminous degenerat ion of the  myocardium, f a t t y  
and albuminous degeneration of t h e  l i v e r  and more severe des t ruc t ion  of hema- 
t o p o i e t i c  t i s s u e .  However, regenera t ion  set i n  sooner i n  the hematopoietic or- 
gans of these animals and t h e i r  m e a n  l i f e  span w a s  longer .  

E .  I .  Sheherban' (1960) f 3und t h a t  moderate phys i ca l  exe rc i se  during i r -  
r ad ia t ion  a l s o  had a favorable  e f f e c t .  She placed mice i n  a tank of w a t e r  
(hea ted  t o  25-270) 1-2 see bef3re the start of whole-body i r r a d i a t i o n  and t h e  
animals s w a n  about e n e r g e t i c a l l y  w h i l e  being irradiated with a dose of 1100 r 
f o r  3-4 min. The c o n t r o l  mice w e r e  a l s o  i n  the w a t e r  dur ing i r r a d i a t i o n ,  bu t  

*wCi  = microcuries 
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they w e r e  he ld  fas t  and not allowed t o  e x e r t  themselves. Both course and out -  
come of r ad ia t ion  s ickness  were more favorable  i n  the experimental  mice than i n  
t h e  con t ro l .  O f  50 mice i n  t h e  experimental group, 25 survived f o r  48 days as 
compared with 14 i n  t h e  con t ro l  group (according t o  our ca l cu la t ions  , these  
f i g u r e s  are s t a t i s t i c a l l y  s i g n i f i c a n t ) .  The hematological ind ices  w e r e  better 
i n  t h e  experimental group. But after i r r a d i a t i o n  w i t h  2200 r ,  mor t a l i t y  and 
length of l i f e  were t h e  same i n  the  two groups. 

S imi la r  r e s u l t s  w e r e  obtained by L.  N .  Udgodskaya and Yu. G .  Yudin (1957), 
who subjected rats t o  muscular exe r t ion  j u s t  before  i r r a d i a t i o n .  They forced 
the animals t o  s w i m  f o r  8-10 min i n  w a t e r  (35-340) w i t h  a 10 g weight t i e d  t o  
t h e i r  t a i l .  Immediately af terward t h e  rats w e r e  i r r a d i a t e d  with a dose of 7m 

w e r e  more pronounced i n  t h e  experimental  animals than i n  the con t ro l .  On t h e  
12th day after i r r a d i a t i o n ,  degenerative changes i n  t h e  l i v e r  w e r e  a l s o  more 
masked i n  t h e  experimental  group. L a t e r ,  the  regenerat ive processes i n  bone 
marrow developed more r a p i d l y  i n  t h e  experimental  mice. The c l i n i c a l  symptoms 
of r a d i a t i o n  s ickness ,  according t o  t h e  authors ,  w e r e  less evident  i n  t h e  ex- 
perimental  animals, and their  mor t a l i t y  rate w a s  somewhat lower than t h a t  of 
t he  con t ro l  group. The lower mor t a l i t y  rate w a s  not  s t a t i s t i c a l l y  s i g n i f i c a n t ,  
judging by our ca l cu la t ions  based on the data included i n  th i s s tudy ,  b u t  t h e  
f a c t  t h a t  t he  r e s u l t s  of a l l  three inves t iga t ions  coincide ind ica t e s  t h a t  t hese  
d a t a  are f a i r l y  r e l i a b l e .  

r .  Soon after i r r a d i a t i o n ,  a p l a s t i c  phenomena i n  hematopoietic t i s s u e  /16 

L.  N. Mushinaya (1958) obtained s i m i l a r  r e s u l t s .  

The favorable  inf luence of phys ica l  exerc ise  cannot be ascr ibed  t o  the oxy- 
gen e f f e c t .  I n  Shcherban' ' s  experiments, the oxida t ive  processes i n  t h e  animals 
during i r r a d i a t i o n  had t o  be high, e s p e c i a l l y  s ince  mor t a l i t y  decreased during 
i r r a d i a t i o n  under the inf luence of muscular exe r t ion .  However, the  dece lera t ion  
of metabolic processes during i r r a d i a t i o n  i n  those experiments i n  which the an i -  
mals w e r e  forced  t o  exe rc i se  before  i r r a d i a t i o n . d i d  not prevent degenerat ive 
changes from tak ing  place i n  var ious organs.  A more p l aus ib l e  assumption i s  
t h a t  t h e  favorable  e f f e c t  of phys ica l  exerc ise  i s  due t o  i n t e n s i f i c a t i o n  of t h e  
regenerat ive processes .  L .  V .  Funshteyn ( 1961) a l s o  mentions t h i s .  

It i s  q u i t e  l i k e l y  t h a t  t h i s  mechanism i s  not t h e  only one. It seems t o  
us tha t  an important p a r t  must be played by i n t e n s i f i c a t i o n  of t h e  p ro tec t ive  
and compensatory c a p a b i l i t i e s  of the organism, as a r e s u l t  of which moderate 
muscular work c rea t e s  an optimal l e v e l  of a c t i v i t y  i n  many organs and systems, 
pr imar i ly  the nervous and endocrine systems. There i s  as y e t  no d i r e c t  experi-  
mental evidence t o  support  t h i s  assumption. 

The p a r t  played by mi tos i s  i n  t h e  e f f e c t s  of combined ac t ion  i s  c l e a r l y  
revealed when i r r a d i a t i o n  and bleeding are combined. The loss of blood is an 
i n ju r ious  agent ,  and if  it i s  s u f f i c i e n t l y  extensive,  it may have an unfavor- 
able e f f e c t  on t h e  course and outcome of r a d i a t i o n  s ickness .  

M .  A .  Movsesyan (1960) found t h a t  a l o s s  of 50-60 percent of t h e i r  blood 
k i l l e d  6 out of 10 i n t a c t  rabbits. 
body X- i r rad ia t ion  w i t h  a dose of 800 r k i l l ed  a l l  10 rabbits.  

Bleeding c a r r i e d  out 1-2 days after whole- 
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N. L.  Beloborodova e t  al. (1962) inves t iga t ed  t h e  e f f e c t  of a loss of 
blood m u n t i n g  t o  1 percent  of the body weight on hematopoiesis i n  a Lz 
group of rabbi ts  exposed d a i l y  f o r  7 months t o  the i so tope  Fe59C1 w i t h  an ac-  

t i v i t y  of 10 p C i .  Rabbi ts  bled and exposed t o  the  stable i r o n  i so tope  and rab- 
b i t s  only b l e d  served as the con t ro l s .  Compensatory hyperp las ia  of the e ry th ro id  
p a s t  of bone marrow, c l e a r l y  pronounced i n  the c o n t r o l  groups, w a s  absent  i n  the 
irradiated rabbits. The number. of r e t i c u l o c y t e s  i n  t h e  lat ter w a s  smaller than 
i n  t h e  c o n t r o l  i n  both pe r iphe ra l  blood and bone marrow. The posthemorrhagic 
leukocytosis  i n  t h e  c o n t r o l  animals w a s  due to a rise i n  the  number of lympho- 
cy te s  and i n  the irradiated animals,  to a higher  neu t roph i l  count.  However, 
mutual aggravation after t h e  combined a c t i o n  occurred on ly  when the i r r a d i a t i o n  
dose or the  amount of blood l o s t  reached a c e r t a i n  c r i t i c a l  l e v e l .  

3 

V .  A.  Bondina e t  a l .  (1958) abs t r ac t ed  40 percent  of the  blood of dogs 1-1/2 
hours after whole -body X- i r rad ia t ion .  When bleeding w a s  combined w i t h  irradia- 
t i o n  (353-650 r )  , t he  c l i n i c a l  course of the  r a d i a t i o n  s ickness  w a s  more severe,  
as shown pr imar i ly  by t h e  absence of a l a t e n t  per iod.  The same moun t  of bleed-  
ing after i r r a d i a t i o n  w i t h  a dose of 503 r had no s i g n i f i c a n t  e f f e c t  on t h e  
course of r a d i a t i o n  s ickness  and i n t e n s i f i e d  the anemia only s l i g h t l y .  Af'ter 
i r r a d i a t i o n  with a dose of 400 r ,  bleeding had a favorable  e f f e c t  i n  the form of 
a somewhat earlier r e s t o r a t i o n  of the func t ions  of the e ry th ro id  s e r i e s .  

The s t imula t ing  e f f e c t  of bleeding on regenera t ion  of hematopoiesis,  when 
combined w i t h  whole-body i r r a d i a t i o n ,  w a s  s tud ied  i n  d e t a i l  by A.  D.  Pushnitsyna 
(1957, 1962) . The earlier i n v e s t i g a t i o n  involved bleeding rats immediately 
after acute  whole-body X- i r r ad ta t ion  w i t h  doses of 270 and 420 r .  
cent  of the  t o t a l  blood w a s  abs t r ac t ed .  I n  rats exposed t o  t h e  combined ac t ion ,  
t h e  weight loss w a s  g r e a t e r  and the  anemia more pronounced and p e r s i s t e n t  than 
after each of t hese  f a c t o r s  app l i ed  sepa ra t e ly .  The number of r e t i c u l o c y t e s  
increased after b leeding ,  b u t  re turned  t o  t h e  o r i g i n a l  l e v e l  on t h e  10 th  day. 
I r r a d i a t i o n  caused an i n i t i a l  drop i n  t h e  r e t i c u l o c y t e  count,  which later 
s l i g h t l y  rose  above the  o r i g i n a l  l e v e l .  I n  rats exposed t o  the combined ac t ion  
t h e  r e t i c u l o c y t e  count decreased, as it did i n  t h e  irradiated animals,  bu t  the  
e leva ted  count phase started earlier and w a s  more pronounced. 

Some 25 per -  

The s t imula t ing  e f f e c t  of bleeding on regenera t ion  i n  the  hematopoietic 
system i s  even more apparent when it is  combined w i t h  chronic  i r r a d i a t i o n .  /18 
A. D .  Pushnitsyna (1962) removed about 25 percent  of t h e  blood of rats b e f o r e  
exposing t h e m  t o  chronic  gamma-irradiation w i t h  t o t a l  doses of 500 and 1000 r 
given over per iods of 5 and 10 days.  

Bleeding w i t.hout i r r a d i a t i o n  increased the  absolu te  number of e ry th rob la s t s  
i n  bone marrow almost 100 percent .  
days reduced the number of e r y t h r o b l a s t s  by more than ha l f .  The number of 
e ry th rob la s t s  i n  the  bled and irradiated animals w a s  t h e  same as i n  the animals 
not  subjec ted  t o  any ac t ion  at  a l l .  Bleeding had no e f f e c t  on w h i t e  marrow. 
Here t h e  agents  t o  be combined had the opposi te  e f f e c t  on r e d  marrow, bu t  when 
combined t h e  e f f e c t s  l eve led  out. 

I r r a d i a t i o n  w i t h  500 r over a per iod  of 5 
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These s tud ie s  show t h a t  bleeding has a double a c t i o n  on hematopoiesis i n  
It acce le ra t e s  and i n t e n s i f i e s  r ad ia t ion  i n j u r y  (Bondina i r r a d i a t e d  animals. 

e t  a l . ,  1958) w h i l e  s t imula t ing  t h e  regenera t ive  processes .  

G .  S .  S t r e l i n  (1962) showed t h a t  the reason f o r  t h i s  is t h a t  bleeding 
s t imula tes  hematopoietic t i s sues  t o  p r o l i f e r a t e ,  which, of course,  increases  
r a d i o s e n s i t i v i t y ,  bu t  at  the same t i m e  it acce le ra t e s  regenerat ion,  which he lps  
t o  overcome rad ia t ion  i n j u r y  more quickly.  

M .  F .  Aleksandrova and L .  N .  Selivanova (1963) observed only t h e  phase of 
i n t e n s i f i e d  r a d i a t i o n  i n j u r y  t o  hematopoietic t i s s u e  w i t h  h igh mi to t ic  a c t i v i t y .  

They exposed 7 dogs d a i l y  t o  i n t e r n a l  i r r a d i a t i o n  from SrgO ( d a i l y  dose 1.7 rad, 
t o t a l  dose 400 rad). 
the  o the r  4, high normal ( t h e  norm w a s  determined i n  1-5 c o n t r o l  animals) .  
t h e  dogs wi th  low func t iona l  a c t i v i t y  of hematopoietic t i s s u e  after 10 months of 
i r r a d i a t i o n ,  t h e  number of e ry th rob la s t s  i n  bone marrow increased 37 percent  
above t h e  o r i g i n a l  l e v e l ,  w h i l e  t h e  number of granulocytes  f l u c t u a t e d  around 
t h e  o r i g i n a l  l e v e l  or s l i g h t l y  above f o r  7 months. The count dropped 35 percent  
only after 10 months of i r r a d i a t i o n .  I n  t h e  animals with high func t iona l  a c t i v -  
i t y  of bone marrow, t h e  granulocyte count dropped 35 percent  wi th in  a month of 
t he  i n i t i a l  i r r a d i a t i o n .  T h i s  w a s  followed f o r  3 months by a c t i v a t i o n  of granu- 
locytopoies i s ,  bu t  by the  end of t he  observat ion per iod,  t h e  granulocyte count 
w a s  40 percent  of the o r i g i n a l  l e v e l .  
o f  animals,  w e r e  not s t a t i s t i c a l l y  processed and they  requi re  v e r i f i c a t i o n .  
Nevertheless,  they  are grounds f o r  be l i ev ing  tha t  an increase  i n  the  mi to t i c  ac- 
t i v i t y  of hematopoietic t i s s u e  i n t e n s i f i e s  i t s  v u l n e r a b i l i t y  t o  r ad ia t ion .  

I n  3 of t h e  dogs, bone marrow func t ion  w a s  l o w  normal; i n  
I n  

These d a t a ,  obtained from a small number 

However, a m a s s  of experimental  ma te r i a l  i nd ica t e s  t h a t  t he  s t imula t ion  of 
& p r o l i f e r a t i v e  a c t i v i t y  not only hastens the development of r a d i a t i o n  i n -  

,jury but  f requent ly  acce le ra t e s  regenerat ion even more. 

L.  V .  Funshteyn (1956) descr ibes  t h e  favorable  e f f e c t  of the s t a i n  s c a r l e t  
red, a s t imulant  of mi tos i s ,  on t h e  course of r a d i a t i o n  i n j u r y  t o  sk in .  Rabbit 
ear w a s  exposed t o  l o c a l  X- i r r ad ia t ion  w i t h  doses of 1722, 1800 and 3000 r. 
The s t a i n  w a s  i n j ec t ed  subcutaneously in s ide  the ear, and, whether done before  
or after i r r a d i a t i o n ,  it considerably mi t iga ted  the  i n j u r y  t o  squamous ep i the -  
1 i.um . 

The same author (Funshteyn, 1957) , t o  s t imula te  p r o l i f e r a t i v e  a c t i v i t y  of 
the  squamous epi thel ium, used naphthalan petroleum. Sec t ions  of animal sk in  
and  rabbit  ear w e r e  subJected t o  l o c a l  r a d i a t i o n  of 1000, 2000 and 3000 r by 

means of Sr89 and P3' app l i ca to r .  

Naphthalan petroleum des t roys  some e p i t h e l i a l  c e l l s ,  bu t  causes t h e  sur- 
viving epfdermal c e l l s  t o  p r o l i f e r a t e .  When t h i s  substance w a s  appl ied  before  
or after i r r a d i a t i o n ,  the course of radiat-ion i n j u r y  t o  sk in  w a s  considerably 
mit igated as a r e s u l t  of acce lera ted  regenerat ion of t he  por t ions  of epi thel ium 
l e f t  more or  less unin,jured by i r r a d i a t i o n .  
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This  w a s  a l s o  t h e  f ind ing  of I .  V. S h i f f e r  (1957), who inves t iga t ed  t h e  
r e l a t ionsh ip  between r a d i a t i o n  i n j u r y  t o  cornea l  ep i the l ium and degree of m i -  
t o t i c  a c t i $ r i t y  the re in .  C e l l  d i v i s i o n  w a s  most a c t i v e  i n  the upper p a r t  of t h e  
cornea,  bu t  diminished downward. I n  mice and rats, t h e  c e l l s  d iv ided  more 
vigorously on t h e  per iphery  of t h e  cornea and w e r e  least a c t i v e  i n  the  c e n t e r .  
Local i r r a d i a t i o n  of the eye wi th  doses of 700, 900, 1800, 3600, and 7200 r 
caused lesions t h a t  became evident  f i r s t  i n  the zones w i t h  the h ighes t  p r o l i f -  
erat ive a c t i v i t y .  Tissue regenera t ion  a l s o  started f i rs t  i n  these zones. A 
spo t  burn i n  t h e  cornea s t imu la t e s  p r o l i f e r a t i o n .  Such a burn i n f l i c t e d  a t  
d i f f e r e n t  t i m e s  after i r r a d i a t i o n  of the cornea has tens  t h e  onse t  of r a d i a t i o n  
in,jury while i n t ens i fy ing  the rate of regenera t ion ,  thus  producing a more 
favorable  outcome. 

The e f f e c t  of var ious s t imulants  of p r o l i f e r a t i o n  on the course and re- 
&;eneration of r a d i a t i o n  i n j u r y  t o  t i s s u e s  w a s  found t o  be t h e  same i n  some 
o the r  inves t iga t ions  conducted i n  the  l abora to ry  of G .  S .  S t r e l i n ,  which w e  w i l l  
riot consider  here. They a l l  confirm S t r e l i n ' s  explana t ion  of t h e  mechanism of 
a c t i o n  of bleeding on hematopoiesis.  But b leeding  affects n o t  on ly  the  p r o l i f -  
e r a t i v e  a c t i v i t y  of hematopoietic t i s s u e ,  b u t  many o t h e r  func t ions  as w e l l .  

The detailed inves t iga t ions  of V .  F. Cherkasov (1958a, b )  demonstrated 
t h a t  blood loss can favorably  a f f e c t  t he  course and outcome of r a d i a t i o n  
s ickness  even under condi t ions  i n  which t h i s  agent  does not  m a t e r i a l l y  change 
hematopoiesis.  
min after whole-body i r r a d i a t i o n  (400 r)  . The c e l l u l a r  composition of the 
per iphera l  blood of cats subjec ted  t o  the combined a c t i o n  did no t  d i f fer  sig- 
nif ' icant ly  from t h a t  of t he  irradiated c o n t r o l  c a t s .  After i r r a d i a t i o n  and 
bleeding,  impairment of r e f l e x  r egu la t ion  of the blood c i r c u l a t i o n  and r e s p i r a -  
t i o n  w a s  deeper than after i r r a d i a t i o n  alone.  The depressor  e f f e c t  decreased 
a f t e r  s t imu la t ion  of t h e  pe r iphe ra l  segment of t h e  vagus nerve i n  both  groups 
of animals,  bu t  impairment of t he  i n t e n s i t y  r e l a t i o n s  occurred sooner ,  more 
f requent ly ,  and t o  a g r e a t e r  depth i n  t h e  animals subjec ted  t o  t h e  combined ac- 
t i o n .  A paradoxical  phase w a s  noted more o f t e n  i n  t h i s  group. An inves t iga -  
t i o n  of t h e  e f f e c t  of s t imu la t ing  the c e n t r a l  segment of the vagus nerve on 
arterial pressure  and the  ca rd iac  rate revea led  t h a t  phasic  phenomena w e r e  a l s o  
more common i n  the  animals subjec ted  t o  the combined ac t ion .  

,@ 
The author  abstracted 14-15 percent  of t h e  blood of c a t s  60-90 

The author  observed s i m i l a r  phenomena when i n v e s t i g a t i n g  acce le ra t ed  r e s p i -  
r a t i o n  i n  response t o  s t imu la t ion  of the sciat ic  nerve. They w e r e  f o u r  times 
more Frequent i n  t h e  a n i m a l s  sub jec ted  t o  the combined a c t i o n  than  i n  the  con- 
t r o l  t h a t  w a s  j u s t  irradiated. 

Furthermore, b leeding  s i g n i f i c a n t l y  reduced t h e  m o r t a l i t y  rate: 12 per -  
cen t  of t he  anima1.s t h a t  w e r e  on ly  irradiated surv ived ,  as compared w i t h  30 per-  
c e n t  of those  subjec ted  t o  the combined ac t ion .  ' 

The author  suggests  t h e  fo l lowing  poss ib l e  mechanisms of t h e  combined 
effect:  change i n  f u n c t i o n a l  load  of t h e  card iovascular  system, reduct ion  of 
t he  oxyeen supply,  e x c i t a t i o n  cf the  sympathetic adrena l  system and s t imu la t ion  
of the defense mechanisms. Evidence f o r  t h e  last  p o s s i b i l i t y  i s  provided by 
the f a c t  t h a t  r e a c t i v i t y  t o  a d d i t i o n a l  b leeding  w a s  h igher  i n  t h e  cats sub- 
.iected t o  t h e  combined a c t i o n  than  in  t he  c o n t r o l .  



I. R .  Petrov (1962) states that an add i t iona l  trauma mobilizes t h e  compen- 
sa to ry  f o r c e s  of the i r r a d i a t e d  organisms, thereby preventing aggravation. 

I n  the works discussed above, we encountered phenomena r e f l e c t i n g  t h e  i n -  
t e r a c t i o n  of t h e  e f f e c t s  of i r r a d i a t i o n  and trauma on ind iv idua l  r eac t ions .  

These inves t iga t ions  are worth comparing w i t h  our experimental  data, de- 
s p i t e  t h e  f a c t  t h a t  both l a r g e l y  descr ibe t h e  phenomena r a t h e r  than e luc ida te  
t he  mechanisms of these reac t ions .  

According t o  t h e  literature, t h e  following cases are possible:  

1. The reac t ions  provoked by i r r a d i a t i o n  and another agent are i n  /21 
t he  Sam d i r e c t i o n .  Reciprocal i n t e n s i f i c a t i o n  of the e f f e c t s  i s  poss ib le ,  
bu t  there  can a l so  be a l ack  of summation, decrease or complete d i s t o r t i o n  of 
t.he e f f e c t s .  

2 .  The reac t ions  provoked by i r r a d i a t i o n  and another agent are not  i n  t h e  
same d i r e c t i o n .  Cases have been descr ibed of an unusual "algebraic  summation" 
of t h e  e f f e c t s  t o  the  poin t  of complete disappearance or p a r t i a l  predominance 
of t h e  e f f e c t  of one of the f a c t o r s  somewhat reduced by the o ther  agent.  Some- 
t i m e s  one of t h e  agents i s  completely dominant. There are a l s o  cases  where the  
r eac t ion  t o  one of the agents i s  i n t e n s i f i e d  by  the o the r ,  even though i t s  ac- 
t i o n  i s  d i ame t r i ca l ly  opposi te .  
pecul ia r  r eac t ions  tha t  d i f f e r  markedly from t h e  e f f e c t s  caused by the separa te  
ac t ion  of each of the f a c t o r s .  

Also, a combined ac t ion  m y  be followed by 

P a r t i c u l a r  a t t e n t i o n  has been pa id  t o  the e f f e c t  of combined ac t ion  on t h e  
hematopoietic system. I r r a d i a t i o n  w a s  genera l ly  combined with an agent capable 
of causing leukocytosis i n  i n t a c t  animals. Many s tud ie s  descr ibe a mi t iga t ion  
of leukopenia after combined i n  juries. 

The authors who c l e a r l y  demonstrated t h a t  r a d i a t i o n  and nonradiat ion i n -  
j u r i e s  aggravate one another,  l i k e  t h e  authors  who d id  not observe t h i s  phenome- 
non, found that r a d i a t i o n  i n j u r y  t o  blood w a s  mit igated when a trauma of nonra- 
d i a t i o n  nature  w a s  i n f l i c t e d .  

S .  S.  Sokolov (1956) observed that  the leukocyte count dropped more slowly 
and r e s t o r a t i o n  of the o r i g i n a l  count occurred sooner i n  guinea p igs  exposed t o  
whole-body X- i r rad ia t ion  and a skin-muscle trauma than they  d i d  i n  animals t h a t  
w e r e  only irradiated. I n  the animals subjected t o  the combined ac t ion ,  the  
leukocyte count i n  the  r e s t o r a t i o n  phase exceeded the o r i g i n a l  l e v e l ,  b u t  it 
merely reached t h i s  l e v e l  i n  t he  animals t h a t  w e r e  only i r r a d i a t e d .  

I n  r a b b i t s  i n  which the  rad ius  w a s  resec ted  30 min after whole-body irradi- 
a t i o n  (600 r)  , leukopenia w a s  less pronounced than i n  t h e  animals t h a t  were only 
iyradiated (Blinov, 19%). 

Sh. R .  Topuriya e t  a l .  (1959) l ikewise found t h a t  when a shock wave w a s  
combined w i t h  whole-body X- i r rad ia t ion  (30~-400 r )  , changes i n  the  hematological 
ind ices  of dogs were l e s s  marked than  a f t e r  i r r a d i a t i o n  alone. The drop i n  
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leukocyte and r e t i c u l o c y t e  counts after the  combined a c t i o n  w a s  less substan-  
t i a l  and regenerat ion started sooner and w a s  more pronounced. 
whelming major i ty  of ca ses ,  mi t iga t ion  of t he  blood r eac t ions  t o  i r r a d i a t i o n  
after the combined a c t i o n  has no s i g n i f i c a n t  e f f e c t  on the  course and outcome 
of r a d i a t i o n  s ickness .  After a combined a c t i o n ,  t he  weight loss of a n i -  
m a l s  is  g r e a t e r ,  desp i t e  t he  m i l d e r  impairment of the hematopoietic system 
(Gamaleya e t  a l . ,  1959; Blinov, 1958; o t h e r s ) .  

In t h e  over- 

/22 

Cases have also been descr ibed in which i r r a d i a t i o n  combined w i t h  an agent 
t h a t  causes leukocytosis  i n t ens  if ied the  r e s u l t a n t  leukopenia.  

N .  N .  Aleksandrov e t  a l .  (1962) noted tha t  i n  r a b b i t s  subjected t o  whole- 
body i r r a d i a t i o n  (603 r )  and s k u l l  i n ju ry ,  the  leukocyte count i n  pe r iphe ra l  
blood w a s  much lower than i n  animals t h a t  w e r e  only irradiated. In  t h e  exper i -  
ments of V. A. Suvorov and B .  A .  Saakov (1960) , a burn i n f l i c t e d  on dogs 5-6 
days after whole-body X- i r rad ia t ion  (500-600 r )  i n t e n s i f i e d  t h e  leukopenia tha t  
had developed by t h a t  t i m e .  

M .  I .  Ul'yanov and B .  V .  Sakharov (1963) i nves t iga t ed  t h e  leukocyte r eac -  
t i o n  t o  pain i n  dogs after whole-body X- i r r ad ia t ion  with doses ranging from 3 
t o  600 r .  
blood) provoked a r e d i s t r i b u t i v e  leukocytosis .  Mter i r r a d i a t i o n  t h e  same 
s t imula t ion  r e s u l t e d  i n  a leukopenic phase.  Following t h e  i n f l i c t i n g  of a 
wound ( f r a c t u r e  of the  knee j c i n t ) ,  the  r eac t ion  t o  a d d i t i o n a l  pain w a s  on ly  an 
e leva ted  leukocyte count.  In some ins tances  the  au thors  observed t h a t  dogs 
sub.jected t o  t h e  combined ac t ion  of i r r a d i a t i o n  and trauma a l s o  developed t h e  
leukopenic phase of the r eac t ion  t o  pa in ,  and it w a s  more pronounced than after 
i r r a d i a t i o n  alone.  

I n  i n t a c t  dogs, moderate pa in  (p r i ck ing  or s c a r i f i c a t i o n  t o  d r a w  

Y e .  N .  Ryumina (1962) abs, t racted rats' blood equal  t o  1 percent  of body 

weight 24 hours after adminis ter ing t h e  i so tope  Na24 w i t h  an a c t i v i t y  of 0.25 
pc. Bleeding caused leukocytosis ,  whereas i r r a d i a t i o n  had no e f f e c t  on the 
t o t a l  leukocyte count. The combined a c t i o n  w a s  followed by a leukopenia s i m i -  
lar t o  t h a t  r e s u l t i n g  from i r r a d i a t i o n  w i t h  h igher  doses .  

The reasons f o r  t h e  d i f f e rence  i n  a c t i o n  of an add i t iona l  trauma on t he  
r a d i a t i o n  r e a c t i o n  of the blood system are s t i l l  obscure.  

We conjectured t h a t  t h e r e  might be a r e l a t i o n s h i p  between the e f f e c t s  and 
the i n t e n s i t y  O F  the agents  used. To check t h i s  assumption, w e  compared the  
experimental  r e s u l t s  of a number of au thors ,  bu t  could f i n d  no evidence of such 
a re l a t ionsh ip .  Spec ia l  i nves t iga t ions  w i l l  obviously have t o  be undertaken t o  
solve the problem . 

K .  F .  Tovstoles (1963) descr ibes  a c l e a r  mutual aggravation of r e n a l  dys- 
func t ion  fol lowing r e n a l  trauma combined w i t h  whole-body i r r a d i a t i o n  w i t h  doses 
of 439, 600 and 800 r ,  although the  r e a c t i o n s  t o  the  i s o l a t e d  a c t i o n  of each of 
t h e  f a c t o r s  w e r e  not always i n  t h e  same d i r e c t i o n  at a l l  t h e  stages. 



Type of 
action 

Burn 

I r rad ia t ion  

I r rad ia t ion  
+ burn 

TABLE 1. COMBINED ACTION OF WHOLE-BODY IRRADIATION AND A BURN ON SOME INDICES 
OF EXCITABILITY OF THE SYMPATHETIC AND PARASYMPATHJ3TIC SYSTEMS, ACCORDING TO 
V .  A .  SWOROV AND B .  A. SAAKOV (1960). 

General 
condition 

of 
animal 

Excited 

I n  many cases 
shock without 

e r e c t i l e  phase, 
f a t a l  outcome 

Leukocyte 
count 

Insignificant 
leukocytosis 

Leukopenia 

Intens i f ica-  
t ion  of 

leukopenia 

Ar t e r i a l  
pres sure 

Elevation 

Drop of 
10 - 30 

Hg 

Further 
drop of 
33 " HI3 

Reaction t o  adminis- 
t r a t i o n  of lobeline 

Ins  ignif i - 
cantly high 

Low 

c 
0 
.r4 
P u 
al 
R 
k 
0 

Q 
a, 

m 

6 
High 

Low 

Very low 

High 

Almost 
unchanged 

Low 

High 

Unchanged 
or 

s l i gh t  
decr e we 

Very low 



I n  r a b b i t s  t h a t  were only irradiated, t h e  amount of u r ine  t h e  f irst  /23 
day rose  s l i g h t l y ,  bu t  decreased '90 percent  s t a r t i n g  t h e  t h i r d  day. The trauma 
reduced t h e  output  of u r ine  by 50 percent  i n  a week. After  t h e  combined a c t i o n ,  
t h e  amount of u r ine  decreased 50 percent  t h e  very f i r s t  day.  

There w a s  no de l ay  i n  exc re t ing  a dye ( ind igo  carmine) after i r r a d i a t i o n .  
Following the  trauma, impairment of t h i s  func t ion  was recorded fo r  two weeks; 
after the  combined a c t i o n ,  f o r  a month. 

I n t e r e s t i n g  kinds of e f f e c t s  of' a combined ac t ion  are descr ibed  by seve ra l  
aiuthors. 

V .  A.  Suvorov and B.  A .  Saakov (1960) i nves t iga t ed  the  e f f e c t  of burns and 
whole-body X- i r r ad ia t ion  with 590-6013 r on t h e  e lec t roencephalogrm and some 
indices  of e x c i t a b i l i t y  of the  sympathetic and parasympathetic nervous systems 
i n  dogs. A burn w a s  i n f l i c t e d  5-6 days after i r r a d i a t i o n  on t h e  lower p a r t  of 
t h e  abdominal w a l l  and in s ide  of t h e  th igh .  The r e s u l t s  are shown i n  t a b l e  1. 

It is  ev ident  from t h e  tzble t n a t ,  according t o  some ind ices ,  t h e  re- 
ac t ions  t o  t h e  burn and i r r a d i a t i o n  w e r e  i n  d i f f e r e n t  d i r e c t i o n s .  Never the less ,  
t h e  e f f e c t  of i r r a d i a t i o n  w a s  i n t e n s i f i e d  b y  t h e  combined a c t i o n .  I n  those  
cases  where t h e  au thors  w e r e  unable t o  d e t e c t  a c l ea r - cu t  r e a c t i o n  t o  irradia- 
t i o n  (p re s so r  e f f e c t  of epinephrine and depressor  e f f e c t  of p i loca rp ine )  , 
x h i l e  t h e  r e a c t i o n  t o  t h e  burn w a s  pronounced, t h e  r e a c t i o n  t o  t h e  combined ac- 
t i o n  reversed d i r ec t ion - - in s t ead  of t h e  e x c i t a b i l i t y  of t h e  sympathetic and 
parasympathetic systems in t ens i fy ing ,  it decreased.  A burn alone r e s u l t e d  i n  
the  development of t h e  e r e c t i l e  phase of shock, which did not t u r n  i n t o  t h e  
t o r p i d  phase even once over a per iod  or' two hours .  A burn in f l ic ted  after ir- 
r a d i a t i o n  caused severe burn shock without  t h e  e r e c t i l e  phase.  

TABLE 2. EFFECT OF IRRADIATION, ELECTRIC INTERFERENCE 
AID COMBINED ACTION OF BOTK FACTORS ON THE SIZE O F  TRE 
TEFBSHOLD DOSE OF POTASSIUM CHLORIDE TK4.T CAUSES 

FUSION OF PART OF TRE INTESTINE (ZAKHARZ'REVSKIY , 1960). 
CHANGES I N  ARTERIAL PRFSSURF: AND FGCSPIRfLTION UPON PER- 

Group o f  animais 

Experimental 

Control 

T ime  after a c t i o n  

1-3 hou:-s 
1 day 
3 day:; 
7 day:; 

10 day:; 
1 4  days 
21 days 
30 days 

- 

Mean th re sho ld  dose of K C i ,  mg 

After 
irradiat ton 

4.6 
15.6 
20.1 
20.7 
- 
18 .0 
23.2 
10.2 

17 

Mter A f t e r  
i n t e r f e rence  combined a c t i o n  

11.3 
4.3 
3 -7 
15.2 
21.8 
12.6 
5.4 
3.1 

4.3 

15.5 
17.1 
15.2 
24.2 

14 -9 
12.7 
30 

- 



An i n t e r e s t i n g  q u a n t i t a t i v e  comparison of t h e  r e s u l t s  of combining irradia- 
t i o n  w i t h  f u n c t i o n a l  trauma of the nervous system i s  included i n  the  s tudy  of 
V .  B .  Zakharzhevskiy ( 1960) . A s  mentioned be fo re ,  t h i s  author i n f l i c t e d  a func-  
t i o n a l  nervous system trauma on c a t s  by combining e l e c t r i c  s t imu la t ion  wi th  eat- 
ing ,  " e l e c t r i c  i n t e r f e r e n c e  ." He inves t iga t ed  i n  the  same animals ref lex 
changes i n  r e s p i r a t i o n  and arterial pressure  a f t e r  s t imu la t ing  t h e  chemorecep- 
t o r s  of t h e  perfused p a r t  of t h e  i n t e s t i n e .  

T h i s  p a r t  of the i n t e s t i n e  r e t a i n e d  only a nerve connection wi th  t h e  orga- 
nism ( table  2 ) .  

A s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rence  w a s  noted between t h e  groups sub- 
j e c t e d  t o  the combined a c t i o n  and t o  r a d i a t i o n  alone only  during the f i r s t  f e w  
hours and on t h e  t h i rd  day after t h e  ac t ion .  But the data of the o the r  
t i m e s  are a l s o  of g r e a t  i n t e r e s t .  

& 

It i s  evident  from the  table t h a t  t h e  e f f e c t s  of i r r a d i a t i o n  and i n t e r f e r -  
ence were always i n  t h e  same d i r e c t i o n .  I n  both cases  t h e  thresholds  w e r e  high, 
bu t  t h e  dynamics of t h e  changes a f t e r  i n t e r f e r e n c e  and r a d i a t i o n  w e r e  d i f f e r e n t .  

The threshold  dose after t h e  combined a c t i o n  from t h e  f i r s t  few hours 
through the 7th day inc lus ive  w a s  t h e  maximum with the sepa ra t e  a c t i o n  of each 
of t h e  f a c t o r s ,  i . e . ,  at f i r s t  the inf luence  of i n t e r f e rence  w a s  predominant, 
then t h e  inf luence  of i r r a d i a t i o n .  On t h e  21st day t h e  th re sho ld  dose after 
t h e  combined a c t i o n  w a s  almost e x a c t l y  equal t o  t h e  a r i t hme t i c  mean of t h e  
doses e s t a b l i s h e d  a f t e r  the a c t i o n  of each f a c t o r  s epa ra t e ly .  The same phenom- 
enon occurred a l s o  on the 14th day, bu t  the  d i f f e rence  between the va lues  being 
compared w a s  t oo  small on t h i s  day t o  a t t a c h  any s ign i f i cance  t o  t h e  e f f e c t .  
F i n a l l y ,  on the 30th day t h e  th re sho ld  after t h e  combined a c t i o n  w a s  3 times 
higher than  t h e  maximum th resho ld  observed at  t h i s  time after the  a c t i o n  of one 
of t h e  f a c t o r s .  This shows how t h e  e f f e c t  of combined ac t ion  changed i n  a 
s i n g l e  group of experiments. A t  d i f f e r e n t  t i m e s  t h e r e  w a s  now t h e  a l t e r n a t e  
predominance of each component, now t h e  weakened a c t i o n  of one of them (irradi- 
a t i o n )  , now i t s  sharp i n t e n s i f i c a t i o n .  
30th days after t h e  a c t i o n )  the i s o l a t e d  use of " e l e c t r i c  i n t e r f e rence"  d i d  not 
change t h e  parameter under inves t iga t ion .  

I n  t h e  last two cases  (on t h e  21s t  and 

The combined ac t ion  of i on iz ing  r a d i a t i o n  and the dynamic f a c t o r s  of i n -  
terest t o  us ( acce le ra t ion  and v ib ra t ion )  have been s tud ied  very l i t t l e .  

A.  N. Ganshina (1961) inves t iga t ed  the  combined a c t i o n  of v i b r a t i o n  and 
whole-body i r r a d i a t i o n  (400 r)  on t h e  microscopic s t r u c t u r e  of t i s s u e s  from the 
a o r t a ,  heart ,  lungs, l i v e r ,  s m a l l  i n t e s t i n e  and sp leen  of rats. The author 
used v e r t i c a l  v i b r a t i o n  wi th  a frequency of 70 cps and an amplitude of 1 mm 
over a per iod  of 4 hours 4 t i m e s  every o the r  day. This powerful a c t i o n  caused 
hyperemia i n  the organs and, i n  some cases ,  pulmonary hemorrhages. The combi- 
m t i o n  of v i b r a t i o n  and acute  whole-body i r r a d i a t i o n  (400 r )  i n t e n s i f i e d  h i s t o -  
l o g i c a l  changes i n  the  organs of rats irradiated without exposure t o  an addi- 
t i o n a l  ac t ion .  The hemorrhages were p a r t i c u l a r l y  pronounced after t h e  combined 
a c t i o n .  This d i d  not happen, however, when v ib ra t ion  w a s  combined w i t h  f r a c -  
t i o n a l  i r r a d i a t i o n .  
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Taylor (1960) found no d i f f e rence  i n  to l e rance  of c e n t r i f u g a t i o n  with an 
acce le ra t ion  of 2Q g as between rats irradiated wi th  600 r J u s t  be fo re  t h e  
ac t ion  and i n t a c t  animals .  

Lyle ( l ? d l )  l ikewise  f a i l e d  t o  d e t e c t  changes i n  to le rance  of acce l -  !25 
e r a t i o n  i n  rats wi th  polycythemia induced by whole-body g m a  r a d i a t i o n .  

K .  V .  I--ar?ov e t  a l .  (1962) showed t h a t  r o t a t i o n  on a cen t r i fuge  a t  a speed 
gf 2Q’I rpm f o r  26 min during whole-body X- i r r ad ia t ion  increased  t h e  r a d i o r e s i s -  
tance of rats.  I n  rats cent r i fuged  during i r r a d i a t i o n  wi th  a dose of 1003 r ,  
t h e  length  of l i f e  was somewhat longer and t h e  loss of weight less than i n  ani-  
mals i r r a d i a t e d  without exposure t o  another f a c t o r .  These experiments,  modi- 
f i e d  s l i g h t l y ,  were repea ted  by Y e .  s .  Meyzero?: and t h e  au thor  of t h i s  a r t i c l e .  

We s:.tb,jected mice t o  radial acce le ra t ions  of 13 g f o r  15 min by r o t a t i n g  
thein in a cen t r i fuge  f o r  113 min before  whole-body i r r a d i a t i o n  wi th  a dose of 
5’29 r .  The m o r t a l i t y  rate w a s  lower i n  t h e  mice subjec ted  t o  acce le ra t ion  be-  
fore i r r a d i a t i o n  and t h e  changes i n  t o t a l  leulkocyte count w e r e  less pronounced 
than i n  the  mice t h a t  w e r e  only i r r a d i a t e d .  

W e  t h ink  it q u i t e  l i k e l y  t h a t  t h e r e  i s  a r e l a t i o n s h i p  between t h e  ac t ion  
of acce le ra t ion  and t h e  oxygen e f f e c t ,  because impairment of t h e  hemodynamics 
by cen t r i fuga t ion  creates condi t ions  conducive t o  hypoxia. 

Our b r i e f  review of t he  l i t e r a t u r e  shows how var ied  t h e  effects  of com- 
bined ac t ion  may be .  This  v a r i e t y  i s  apparent ly  due t o  the  he te rogenei ty  of 
the  mechanisms respons ib le  for t h e s e  e f f e c t s .  W e  w e r e  ab l e  t o  examine t h e  par -  
t i c i p a t i o n  of only those  phys i2 logica l  mechanisms which w e r e  s p e c i f i c a l l y  i n -  
.:estigated and on t h e  inf luence  and importance of which t h e r e  are q u a n t i t a t i v e  
experimental  data. Therefore ,  such a s i g n i f i c a n t  f a c t o r  as change i n  t h e  
humoral background after comb Lied r a d i a t i o n  i n J u r y  w a s  not  considered,  even 
though t h e r e  are t h e o r e t i c a l  reasons f o r  expect ing it t o  be  of g r e a t  s i g n i f i -  
cance (Khromov, 1953). Furthezmore, l i t t l e  a t t e n t i o n  has been paid t o  t h e  
e f f e c t  of a d d i t i o n a l  i n j u r y  on t h e  mechanism of t h e  csmpensatory processes .  
Thus, our knowledge of the  mechanisms of combined i n j u r i e s  i s  s t i l l  q u i t e  i n -  
complete and t h i s  makes t h e  i n t e r p r e t a t i o n  of our experimental  data d i f f i c u l t .  

All t hese  mechanisms may b e  expected t o  p l ay  a p a r t  i n  t h e  combined ac t ion  
of v i b r a t i o n  and i r r a d i a t i o n .  

1. It has been shown t h a t  under t h e  inf luence  of v i b r a t i o n  the  ox ida t ive  
processes ,  e s p e c i a l l y  i n  b r a i n  t i s s u e s ,  are i n t e n s i f i e d  dur ing  t h e  a c t i o n  and 
undergo phas ic  changes i n  t h e  aftereffect .  Accordingly, r ega rd le s s  of t he  t i m e  
after v i b r a t i o n  t h a t  i r r a d i a t i o n  i s  c a r r i e d  o u t ,  t h e  e f f e c t  of t h e  la t ter  may 
be s t rengthened or weakened under t h e  inf luence  of t h e  oxygen e f f ec t .  

2 .  Vibra t ion  b r ings  about major changes i n  nervous system func t ion ,  as 
revealed by t h e  l i t e r a t u r e  and our  own experiments (compare the  a r t i c l e s  of 
Z . I .  Apanasenko, M .  A .  Kuznetsova and L .  D. Luk’yanova i n  t h i s  c o l l e c t i o n ) .  
Changes i n  nervous system func%ion due t o  v i b r a t i o n  are s o  sharp t h a t  t h e y  
must be  expected t o  assert a marked inf luence  on r a d i a t i o n  r eac t ions .  W e  
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be l i eve  t h a t  t hese  two mechanisms p l ay  a major r o l e  i n  d i f f e r e n t i a t i o n  of the  
r e s u l t s  of t h e  experiments performed by L .  D .  Luk'yanova, 2 .  I .  Apanasenko and 
M .  A. Kuznetsova. 

Luk'yanova c a r r i e d  out  i r r a d i a t i o n  f o r  10-19 min after v ib ra t ion ,  follow- 
ing depression of t he  oxida t ive  processes i n  b r a i n  t i s s u e s  and parabios is  o f  
the c e n t r a l  nervous system. She observed t h a t  t h e  e f f e c t  of v ib ra t ion  w a s  d i s -  
t i n c t l y  p r o t e c t i v e .  

Apanasenko and Kuznetsova i r r a d i a t e d  animals somewhat later - -30 -40 min 
after app l i ca t ion  of v ib ra t ion .  I n  t he i r  experiments the r a d i a t i o n  i n  j u r i e s  
after the  combined a c t i o n  were more severe.  The animals died 1-2 days sooner 
than  those subjected t o  i r r a d i a t i o n  alone. 

3. The func t iona l  state of organs and t i s s u e s  changes under t he  inf luence 
of v ib ra t ion .  S p e c i f i c a l l y ,  as Apanasenko showed, t h e  b i o e l e c t r i c  a c t i v i t y  of 
t h e  s k e l e t a l  muscles after v ib ra t ion  remains high f o r  a t  least 10 days. W e  
have as ye t  no data tha t  would enable us t o  determine how t h i s  e f f e c t  i n f l u -  
ences the r a d i a t i o n  r eac t ions  of t h e  organism. Presumably, t he re  are some an- 
a log ie s  here w i t h  the  e f f e c t  of l i g h t  muscular work. It i s  now genera l ly  known 
tha t  the  e f f e c t s  of r a d i a t i o n  on e l e c t r i c  a c t i v i t y  of muscles i s  considerably 
altered by v i b r a t i o n .  

4. Bone marrow : e l l s ,  as Yu. S .  Demin shows (see  h i s  a r t i c l e  i n  t h i s  co l lec-  
t ion),  are s e n s i t i v e  t o  v i b r a t i o n .  
course of regenerat ion i n  hematopoietic t i s s u e  i s  a f f ec t ed  by v i b r a t i o n .  

We s t i l l  do not-know, however, whether t h e  

The phys io logica l  s t u d i e s  included i n  t h i s  c o l l e c t i o n  show t h a t  a l l  the 
inves t iga t ed  nervous system reac t ions  t o  i r r a d i a t i o n  are s i g n i f i c a n t l y  altered 
by combined ac t ion .  T h i s  aspec t  has  received more a t t e n t i o n  than the o thers .  

Apanasenko, Kuznetsova and Luk'yanova inves t iga t ed  those CNS func t ions  on 
which v ib ra t ion  w a s  expected t o  have the  g r e a t e s t  e f f e c t .  T h i s  agent i s ,  t o  a 
c e r t a i n  ex ten t ,  an adequate s t i m u l u s  f o r  t he  v e s t i b u l a r  and motor analyzers .  
I n  poin t  of f a c t ,  t h e  i n t e n s i t y  of t h e  e f f e c t  of v ib ra t ion  on the  l a t e n t  per iod 
of t h e  unconditioned motor defense r eac t ion  w a s  equivalent  t o  t h a t  of a l e t h a l  
dose of r a d i a t i o n ,  although t h i s  index i s  known t o  be extremely s e n s i t i v e  t o  
r a d i a t i o n  (Kudr i t sk iy ,  1957). Changes i n  some of t h e  c h a r a c t e r i s t i c s  of t he  
ves t ibu la r - ton ic  r e f l exes  under the  inf luence of v i b r a t i o n  were f a i r l y  substan- 
t i a l .  Vibra t ion  a l s o  had a very pronounced e f f e c t  on t h e  oxida t ive  processes  
i n  b ra in  t i s s u e s  i n  t h e  c e n t r a l  po r t ion  of the motor analyzer  and motor nuc le i  
of the subcortex (changes i n  tens ion  of f r e e  oxygen and i n  i t s  rate of 
u t i l i z a t i o n  i n  the audi tory  regions of t he  cerebrum are not  t oo  c h a r a c t e r i s t i c  
because they might have been caused by the noise  generated by the v ib ra t ing  
s t a n d ) .  
element i n  t he  combined ac t ion  of the two f a c t o r s  OA the  reac t ions  inves t iga t ed .  
This dominance w a s  most apparent after the  ac t ion  of v ib ra t ion  and i r r a d i a t i o n  
on the  background b i o e l e c t r i c  a c t i v i t y  of the s k e l e t a l  muscles i n  t h e  e a r l y  
stages of changes i n  myoelectric a c t i v i t y  a f t e r  s t imula t ion  o f  t h e  ves t ibu la r  
analyzer ,  i n  the  a f t e r e f f e c t  of t h i s  s t imula t ion  and after change i n  du ra t ion  
of the  a f t e r e f f e c t .  S imi la r  p a t t e r n s  have been observed i n  the  oxida t ive  
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Therefore,  it i s  not  su rp r i s ing  t h a t  v ib ra t ion  w a s  t he  more dominant 
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processes  i n  b r a i n  t i s s u e s  where f o r  the f i r s t  f e w  hours after combined ac t ion  
they  sca rce ly  d i f fe r  from those i n  animals subjec ted  t o  viboration alone.  Only 
someTime l a t e r ,  as acu te  r a d t a t i o n  s ickness  develops,  t h e  e f f e c t  of irradia- 
t i o n  begins t o  p r e v a i l  i n  the  dynamics of changes i n  the ind ices  under s tudy  t o  
t h e  po in t  where t h e  e f f e c t  of v i b r a t i o n  becomes i n d i s c e r n i b l e .  This w a s  pa r -  
tLcu la r ly  ev ident  i n  cases  where the effects of i r r a d i a t i o n  and v i b r a t i o n  w e r e  
i n  dif'r'erent d i r e c t i o n s ,  i . e . ,  after change i n  du ra t ion  of t he  aftereffect  on 
t h e  test  s t imulus (compare Apanasenko's a r t i c l e ) .  

Study of t he  e f f e c t  of t h e s e  f a c t o r s  on t h e  l a t e n t  per iod  of motor defense 
r e f l e x e s  showed tha t  there we:?e groups of animals i n  which t h e  effect  of irradi- 
a t i o n  w a s  predominant and o t h e r  groups i n  which t h e  e f f e c t  of v ib ra t ion  w a s  p re-  
dominant. It is  s t i l l  impossible t o  say  whether these r e a c t i o n s  are due t o  
d i f f e rences  i n  r a d i o s e n s i t i v i t y  among t h e  animals.  A c l o s e  resemblance t o  the  
r eac t ion  t o  i r r a d i a t i o n  w a s  found on ly  i n  changes i n  the thresholds  of e x c i t a -  
b i l i t y  of these r e f l e x e s  afte:- combined a c t i o n .  

I n  t h e  case  of u n i d i r e c t i o n a l  a c t i o n  of both  f a c t o r s  i n  our inves t iga -  
t i o n s ,  summation of the  effec5s w a s  an except ion r a t h e r  than  the  r u l e .  Yu. S .  
Demin performed a g r e a t  many experiments on the combined e f f e c t  of i r r a d i a t i o n  
and v i b r a t i o n  on chromosomal adhesion, and i n  only  three ins tances  did he f i n d  
s i g n i f i c a n t  summation: 39 min and 5 hours after the a p p l i c a t i o n  of v i b r a t i o n  
followed by i r r a d i a t i o n  w i t h  a dose of 100 r ,  and 5 hours after the app l i ca t ion  
of v ib ra t ion  followed by  i r rac l ia t ion  w i t h  a dose of 50 r .  Two days after the 
c-mbined a c t i o n  of  v ib ra t ion  and 100 r of r a d i a t i o n  t h e  e f fec t  w a s  i n s i g n i f i -  
c a n t ,  although s l i g h t l y  greater than  that of v i b r a t i o n  a lone ,  as was the  case  
24 hours after v i b r a t i o n  and i r r a d i a t i o n  w i t h  50 r .  I n  13 o ther  counts ,  the 
number of chromosomal adhesions w a s  e i ther  equa l  t o  t h e  i s o l a t e d  a c t i o n  of one 
of t h e  f a c t o r s  or, more o f t e n ,  w a s  somewhat less. Tne number of chromosomal 
abe r ra t ions  after the  combined a c t i o n  w a s  f e w e r  than  i n  t h e  animals subjec ted  
t o  i r r a d i a t i o n  alone,  even though i r r a d i a t i o n  increased t h e  number of i r r e g u l a r  
mitoses of t h i s  kind, whereas v i b r a t i o n  had no s i g n i f i c a n t  e f f e c t  on t h e m .  & 

Luk 'yanova inves t iga t ed  ;he absence of mutual i n t e n s  if i c a t i o n  of t h e  
e f f e c t  of v ib ra t ion  and i r r a d i a t i o n  on the course of the oxida t ive  processes  i n  
b r a i n  t i s s u e s ,  d e s p i t e  t h e  f a c t  t h a t  bo th  f a c t o r s  a c t i n g  s e p a r a t e l y  changed 
these  func t ions  i n  one d i r e c t i o n .  The author  says ,  by way of explana t ion ,  t h a t  
i n  h e r  experiments i r r a d i a t i o n  w a s  c a r r i e d  out  aga ins t  a background of p ro tec -  
t i v e  i n h i b i t i o n ,  tha t  followed the app l i ca t ion  of v ib ra t ion  and the ensuing de- 
press ion  of the  oxida t ive  processes .  

This view w a s  c o n f i r m d  by Kuznetsova and publ ished r e p o r t s  as w e l l  as by 
t h e  pre l iminary  experiments of t h e  author  of t h i s  ar t ic le .  W e  sub jec ted  rats 
%o v ib ra t ion  under the conditLons described i n  the a r t i c l e s  of Apanasenko , 
Kuznetsova and Luk'yanova. A condi t ioned-ref lex  s te reo type  w a s  formed and 
t i r m l y  s t a b i l i z e d  i n  the animals.  A f t e r  exposure the rats exh ib i t ed  i n h i b i t i o n  
of t h e  condi t ioned r e f l e x e s  w L t h  d i s t i n c t  hy-pnotic phases .  S p e c i f i c a l l y ,  a 
complete u l t r apa radox ica l  phase w a s  observed i n  one of t h e  animals when condi- 
t i oned  r e f l e x e s  t o  p o s i t i v e  s t i m u l i  were absent ,  and it responded w i t h  a c l e a r -  
c u t  food r e f l e x  only t o  d i f f e r e n t i a t i o n .  
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Vibra t ion  combined w i t h  i r r a d i a t i o n  has a p e c u l i a r  e f f e c t  on t h e  b ioe lec -  
t r i c  a c t i v i t y  of s k e l e t a l  muscles and on vestibular-tonic reflexes (Apanasenko). 

I r r a d i a t i o n  causes a sus t a ined  drop i n  muscle b i o e l e c t r i c  a c t i v i t y  of t h e  
e x t r e m i t i e s ,  whereas v i b r a t i o n  temporar i ly  inc reases  it. But combined a c t i o n  
of t h e  two a l s o  inc reases  it. However, t he  dynamics are so s i m i l a r  t o  t h a t  
a f t e r  i r r a d i a t i o n ,  tha t  the curve r e f l e c t i n g  t h e  changes i n  t h i s  p a r m t e r  i s  
very s i m i l a r  t o  the mirror i m a g e  of t h e  corresponding curve i n  the irradiated 
animals. There are  no re ferences  t o  such phenomena i n  the l i t e r a t u r e  w e  re- 
viewed. 

Apanasenko showed that i r r a d i a t i o n  decreases the e f f e c t  of v i b r a t i o n  on 
t h e  days when it i s  s t r o n g ,  bu t  i n t e n s i f i e s  it when it is  weak. 

On t h e  day of t he  f i r s t  examination after t h e  app l i ca t ion  of v i b r a t i o n ,  
the background e l e c t r i c  a c t i v i t y  of the muscles w a s  t he  h i g h e s t ,  b u t  after com- 
bined ac t ion  t h i s  index w a s  much lower. On t h e  seventh day after v i b r a t i o n ,  
e l e c t r i c  a c t i v i t y  w a s  no t  very  high, b u t  after combined ac t ion  it w a s  c l o s e  t o  
t h e  maximum value.  Apparently t h e  i n t e n s i t y  of the a d d i t i o n a l  a c t i o n  a l s o  has  
a bear ing  on the e f f e c t ,  which accounts f o r  t h e  mirror resemblance of the / 3 O  
dynamics of changes i n  the aforementioned ind ices  a f t e r  combined ac t ion  t o  t h a t  
i n  the  a n i m a l s  exposed t o  o.nly one of t h e  f a c t o r s .  

S imi la r  phenomena w e r e  a l s o  observed when i n v e s t i g a t i n g  t h e  canbined 
e f f e c t  of these f a c t o r s  on muscle b i o e l e c t r i c  a c t i v i t y  fol lowing s t imu la t ion  of 
t he  v e s t i b u l a r  apparatus.  H e r e ,  however, the r e l a t i o n s  were t h e  r eve r se .  V i -  
b r a t ion  decreased the b i o e l e c t r i c  a c t i v i t y  of t h e  muscles, whereas i r r a d i a t i o n  
increased it. The v i b r a t i o n  e f f e c t  predominated during the f i r s t  two days, as 
w a s  r epea ted ly  observed, and a f t e r  the combined a c t i o n  t h e  index under s tudy  
changed i n  the same d i r e c t i o n  as after v i b r a t i o n  alone. On t h e  t h i r d  and f i f t h  
days after exposure, the  e l e c t r i c  a c t i v i t y  of t h e  muscles changed i n  t h e  same 
d i r e c t i o n  as i n  t h e  i r r a d i a t e d  animals, b u t  here the weak changes caused by  ir-  
r a d i a t i o n  under the inf luence  of v i b r a t i o n  became s t rong  ( t h i r d  day) while t h e  
s t rong  changes became w e a k  ( f i f t h  d a y ) .  
of t h e  phenomenon of dominant and pa rab ios i s .  

These r e l a t i o n s  are very reminiscent  

There are some re fe rences  t o  t h i s  i n  t h e  l i t e r a t u r e .  

It w a s  experimental ly  demonstrated t h a t  when i r r a d i a t i o n  is combined wi th  
f a c t o r s  t h a t  e x e r t  a d i r e c t l y  opposite e f f e c t ,  the t y p i c a l  r a d i a t i o n  r e a c t i o n s  
are i n t e n s i f i e d .  For example, t he  agents t h a t  cause leukocytosis when combined 
with i r r a d i a t i o n  sametimes i n t e n s i f y  leukopenia (Aleksandrov e t  a l . ,  1962; 
Suvorov and Saakov, 1960; U1' yanov and Sakharov, 1963; o the r s )  . 
combined wi th  a burn causes changes i n  arterial  p re s su re  and i n  e x c i t a b i l i t y  of 
t h e  depressor ,  p ressor  and o the r  r e a c t i o n s  s i m i l a r  t o  p a r a b i o t i c  phenomena, as 
mentioned above (Suvorov and Saakov, 1960) . 

Irradiation 

W e  s t i l l  do not  know whether w e  are dea l ing  here only wi th  an e x t e r n a l  
change resemblance between these phenomena and those  of p a r a b i o s i s ,  o r  whether 
these  mechanisms p l ay  an important r o l e  i n  combined r a d i a t i o n  l e s i o n s .  This 
m a t t e r  r e q u i r e s  experimental v e r i f i c a t i o n .  
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Besides these f a c t s ,  w e  sax  other  q u a n t i t a t i v e  p a t t e r n s  i n  t h e  r e s u l t s  of 
combined r a d i a t i o n  a c t i o n s .  

I n  t h e  experimental  data of Yu. S .  Demin presented i n  tables 1, 6 and 7, 
there is no direct  r e l a t i o n s h i p  between the  increase  i n  number of i r r e g u l a r  
mit,oses under the inf luence  of' each f a c t o r  s e p a r a t e l y  and the  degree of reduc- 
t i o n  of t h e  e f f e c t .  Nor do w e  f i n d  any such p a t t e r n  i n  the experiments of 
Luk'yanova or i n  those of o the r  i n v e s t i g a t o r s .  

It w i l l  be r e c a l l e d  t h a t  V .  B .  Zakharzhevskiy (1960) observed weakening of 
t h e  r eac t ion  t o  t h e  c3mbined effect  at the  t i m e  when the  inf luence of t h e  addi- 
t i o n a l  f a c t o r  (" interference":)  w a s  least ev iden t .  This ind ica t e s  t h a t  the &. 
parab io t i c  processes  need no t  be t h e  only mechanism for weakening the  e f f e c t s  
af ter  combined ac t ion .  

We consider  Luk'yanova's explana t ion  of t h e  l ack  of summation of t h e  
e f f e c t  of i r r a d i a t i o n  and v i b r a t i o n  on the oxida t ion  processes  i n  b r a i n  t i s s u e s  
q u i t e  p l a u s i b l e .  This mechantsm may a l s o  p l ay  a p a r t  i n  t h e  phenomena descr ibed 
by Demin. T h i s  sub.ject should be s p e c i f i c a l l y  inves t iga t ed .  

During inves t iga t ions  of func t ions  on which i r r a d i a t i o n  and v i b r a t i o n  have 
an opposi te  e f f e c t ,  i n  add i t ion  t o  t h e  phenomena of dominance, ca ses  w e r e  ob- 
served i n  which t h e  e f f e c t  of combLned a c t i o n  w a s  in termediate  i n  i n t e n s i t y  be- 
tween t h e  r e a c t i o n s  t o  each of the f a c t o r s  s epa ra t e ly .  W e  encountered t h i s  
phenomenon a number of t i m e s  as we reviewed the  literature. 

Kuznetsova descr ibed  an extreme mani fes ta t ion  of t h i s  type of i n t e r a c t i o n .  
I r r a d i a t i o n  i n  her experiments led t o  lengthening of t h e  l a t e n t  per iod  of t he  
motor defense r e a c t i o n  t o  a weak s t imulus ,  whereas v i b r a t i o n  tended t o  shor ten  
it. 

The mean value of t h i s  index did n o t  change after combined ac t ion .  Simi- 
lar r e l a t i o n s  w e r e  observed by A.  D.  Pushnitsyna ( l962)when i n v e s t i g a t i n g  the  
combined e f f e c t  of i r r a d i a t i o n  and bleeding on t h e  number of e r y t h r o b l a s t s  i n  
bone marrow. Despite t h e  apparent  s i m p l i c i t y  of t h i s  phenomenon, i t s  mechanism 
i s  s t i l l  obscure.  

W e  see t h a t  t h e  effects of ion iz ing  r a d i a t i o n  combined w i t h  v i b r a t i o n  on 
the  var ious  func t ions  s tud ied  are complex and d ive r se .  T h i s  i s  probably due t o  
t h e  v a r i e t y  of t h e  mechanisms of combined r a d i a t i o n  l e s i o n s .  Moreover, as we 
s a w  i n  our  review of t he  l i terature,  the r e s u l t s  of combined a c t i o n  depend on a 
g r e a t  many va r i ab le s - - in t ens i ty  of each f a c t o r ,  t i m e  of app l i ca t ion  of the ad- 
d i t i o n a l  f a c t o r  and ind iv idua l  p e c u l i a r i t i e s  of t h e  animal. The la t ter  i s  
c l e a r l y  demonstrated i n  t h e  work of Kuznetsova. However, we a l s o  found some 
common Features  i n  t h e  r e a c t i o n s  t o  t h e  a c t i o n  of i r r a d i a t i o n  combined wi th  
v ib ra t ion  and with o t h e r  f a c t o r s .  
of t hese  r e a c t i o n s  must have something i n  common, d e s p i t e  the completely d i f fe r -  
e n t  na ture  of the agents .  Study of the  mechanisms of combined r a d i a t i o n  i n -  
. jur ies  i s  a ve ry  important tzsk of f u t u r e  r e sea rch .  

This convinced us  t h a t  the many mechanisms 
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EFFECT O F  RADIAL ACCEZZRATION ON VENOUS FLOW 
I N  THE CEFCEBRAL BLOOD VESSELS OF M B I T S  

V. Y a .  Klimovitskiy 

ABSTRACT 

Blood f l a w  i n  ce reb ra l  veins of 9 r a b b i t s  w a s  s tud ied  
by means of a the rmis to r  coupled wi th  a hea ter .  Animals 
were exposed t o  acce le ra t ions  of 7-10 g on t h e  cen t r i fuge  i n  
t h e  d i r e c t i o n  "head-pelvis." Exposure f o r  30 sec w a s  re- 
peated 7-10 t i m e s  wi th  30 min i n t e r v a l s  f o r  s eve ra l  days. 
Venous blood flow increased a t  the  beginning o f  t he  c e n t r i f -  
ugation, and sharp ly  decreased a t  t h e  end. The phenomenon 
of successive r e a c t i o n  i n t e n s i f i c a t i o n  during repeated ex- 
posure w a s  recorded. After t h e  cen t r i fuge  w a s  stopped, t he  
increase  of venous blood flow during 3-5 min and a prolonged 
decrease afterward w e r e  observed. After 3-4 days some adap- 
t a t i o n  t o  t h e  acce le ra t ion  e f f e c t  could be observed. It 
w a s  found t h a t  t h e  r eac t ion  of venous blood f l a w  w a s  d e t e r -  
mined by t h e  i n t e r a c t i o n  of 2 f a c t o r s :  pass ive  mechanical 
blood displacement and phys io logica l  compensation. 

Impairment of t h e  ce reb ra l  blood c i r c u l a t i o n  i s  one of t h e  c r i t i c a l  
f a c t o r s  i n  man's t o l e rance  of acce le ra t ion .  The o r i g i n  of such impairment 
i s  i n d i r e c t l y  ind ica ted  both by the  sub jec t ive  condi t ion  of s u b j e c t s  i n  a cen- 
t r i fuge - -v i sua l  d i s turbances ,  "black shroud, I' e t c .  (Barer, 1962; Kotovskaya e t  
a l . ,  1962)--and by c e r t a i n  ob jec t ive  da t a .  

/33 

The s ign i f i cance  of t h e  pass ive  mechanical f a c t o r  i n  changes i n  systemlc 
and ce reb ra l  hemodynamics after a c c e l e r a t i o n  is  s t i l l  moot. There is  some 
c r i t i c i s m  of the hemodynamic theory  of t h e  e f f e c t  of acce le ra t ion ,  bu t  no one 
doubts t h e  a c t u a l  f a c t  of marked changes i n  blood d i s t r i b u t i o n  and pressure  f n  
the vascular system. 

There are re ferences  i n  t h e  l i t e r a t u r e  t o  t h e  high r e s i s t a n c e  of c e r e b r a l  
hemodynamics t o  acce le ra t ion .  For example, after acce le ra t ion  of about 4-5 g 
i n  a f r o n t o - o c c i p i t a l  d i r e c t i o n ,  a r t e r i a l  p re s su re  "at t h e  head l e v e l "  i n  sub- 
j e c t s  f e l l  t o  10-15 mm Hg, while  t h e  ce reb ra l  blood flow, ca lcu la ted  from t h e  
arteriovenous d i f f e rence  i n  oxygen s a t u r a t i o n  of t h e  blood, s ca rce ly  changed 
(Henry e t  a l . ,  1951). 
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The s t a b i l i t y  of the  c e r e b r a l  blood flow d e s p i t e  a marked drop i n  systemic 
arterial  pressure  has als3 been noted. A f ' t e r  g radual  a r t i f i c i a l  lowering of 
arterial  pressure i n  animals by a b s t r a c t i n g  blood,  t h e  c e r e b r a l  f low remained 
x i t h i n  normal l i m i t s ,  and the  c e r e b r a l  f low did not decrease u n t i l  arterial 
pressure w a s  30 mm Hg (Car ly l e  arid Grayson, 1956). 

Owing t o  t h e  s p e c i f i c  cond i t ions  of i n t r a c r a n i a l  c i r c u l a t i o n ,  t h e  venous 
f l o w  apparent ly  func t ions  as an important r egu la to ry  mechanism of c e r e b r a l  
hemorlynamics (Kedrov and Naumenko, 1954a, b; Kedrov e t  a l .  , 1954) . Venous 
p r e s s u r e  dropped i n  t h e  jugular ve in  and jugular  bu lb  simultaneously with a 

(Henry e t  a l . ,  1971). This  r e a c t i o n  may be aimed at p a r t l y  normalizing t h e  
blood supply of c e r e b r a l  t i s s u e s  i n  t h i s  s i t u a t i o n .  The increase  i n  venous 
f;ow and movement of f l u i d  creates the  necessary phys ica l  condi t ions  f o r  reduc- 
ing c e r e b r a l  , iascular r e s i s t a n c e  (Moskalenko and Naumenko, 1957, 1959; Naumenko 
and Vas i levskiy ,  1962). 

(trog i n  arterial  pressure  "at  t h e  head l eve l "  i n  cent r i fuged  sub lec t s  & 

The d a t a  on t h e  lowering of ar ter ia l  and venous pressures  "at  t h e  head 
leve l"  during c e n t r i f u g a t i o n  and information on t h e  decrease i n  f i l l i n g  of t h e  
c e r e b r a l  ves se l s  w i th  blood do not  as y e t  f i l l  ou t  t he  p j c t u r e  of t h e  c e r e b r a l  
hemodynamic changes r e s u l t i n g  from a c c e l e r a t i o n .  The c e r e b r a l  f low s c a r c e l y  
,:hanges u n t i l  c e r t a i n  c r i t i c a l .  va lues  of t h e  a c t i o n  and du ra t ion  of exposure 
are reached, b u t  blood f i l l i n g  decreases  apprec iab ly  after only 1.5-2 g or 
d t e r  a change of body p o s i t i o n .  Consequently, t h e  start of a c c e l e r a t i o n  i s  
charac te r ized  by r a p i d  evacuat ion of t h e  "reserve" ( apparent ly  venous) blood 
Erom t h e  c e r e b r a l  v e s s e l s ,  foilowed by  the  establ ishment  of a n  equ i l ib r ium be-  
tween inflow and outflow u n t i l  t h e  c r i t i c a l  values  of acce le ra t ion  are achieved. 
It  is c l e a r ,  then ,  t h a t  t h e  r e a c t i o n  of t h e  c e r e b r a l  venous flow t o  acce le ra -  
t l o n  i s  complex and multiphase.  One of t h e  purposes of our s tudy  w a s  t o  inves-  
t i g a t e  t h i s  r e a c t i o n .  

X e  a l s o  had t o  determine t h e  c r i t i c a l  values  of a c c e l e r a t i o n  and exposure 
and e l u c i d a t e  t h e  dynamics of t h e  responses  t o  repea ted  loads.  Thus, w e  t r i ed  
t o  s tudy t h e  p o s s i b i l i t y  of adapta t ion  t o  acce le ra t ion  and t o  model t r a i n i n g  
processes  i n  animals.  

Met hod 

Nine r a b b i t s  served as t h e  experimental  animals.  Measurements were m a d e  
with tempera ture-sens i t ive  elements placed on t h e  large ve ins  of the  b r a i n  s u r -  
f ace  i n  t h e  p a r i e t a l  r eg ion  or on  t h e  a n t e r i o r  t r ansve r se  s i n u s .  

The tempera ture-sens i t ive  element w a s  a t i n y  thermis tor  and con tac t  h e a t e r  
s t r a d d l i n g  t h e  blood Tvressel. The underlying p r i n c i p l e s  are the  same as those 
3f t h e  thermal sensors  used t o  measure t h e  volume rate of t h e  blood f1o.i as de- 
sc r ibed  i n  t h e  works of s e v e r a l  au thors  (Gibbs,  1933; Grayson, 1.932; L i n s e l l ,  
1-95?; Aschoff, 1957; Aschoff e t  a l . ,  1957; Blinova and Ryzhova, 1958; Wetterer, 
1,352; Moskalenko, 1963). 
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W e  used our own modi f ica t ion  of t h e  Carlyle-Grayson mthod  (1955, 1937) , 
i n  which t h e  amplitudes of temperature f l u c t u a t i o n s  on t h e  thermogram are i n  

t h e  hea ter  w a s  i n  the  form of ind iv idua l  hea t  impulses recorded as t o  t i m e  and 
i n t e n s i t y .  One opera t ing  cyc le  of t h e  sensor  included hea t ing  ( f o r  one-third 
t h e  dura t ion  of t h e  cyc le )  and cool ing.  The cycle  w a s  se t  for 60, 20, 12 and 
10 sec .  It w a s  no t  deemed worthwhile t o  shorten t h e  du ra t ion  any f u r t h e r  be-  
cause of t h e  f a i r l y  high t i m e  cons tan t  of t h e  "heater-blood-thermistor ' '  system. 
A s impl i f i ed  c a l i b r a t i o n  curve ( f i g .  1) w a s  prepared i n  an acute  experiment on 
t h e  femoral ve in  of a c a t  and i n  a model where t h e  sensor w a s  p laced on a 
s tee l  needle .  Water w a s  passed through the needle .  F igure  1 shows t h a t  t h e  
h ighes t  values  of t h e  blood flow correspond t o  t h e  lowest po in t s  of t h e  temper- 
a t u r e  peaks (and v i ce  v e r s a ) .  

inverse  r e l a t i o n s h i p  t o  t h e  blood f l a w  rate. The emission of hea t  from /35 

An enlarged thermogram of a cycle i s  shown i n  f i g u r e  2 (read from r i g h t  t o  
l e f t ) .  
diameter and shape of t he  blood v e s s e l  under s tudy w e r e  unknown p r i o r  t o  t h e  
operat ion;  t h e  sensor  i t s e l f  w a s  prepared during t h e  opera t ion ,  after t h e  skull 
w a s  trepanned. The d i s t ance  between the  elements of t h e  sensor and t h e i r  loca-  
t i o n  w e r e  based on t h e  s i z e  and shape of the  blood vesse l .  

It w a s  impossible t o  c a l i b r a t e  each ind iv idua l  sensor ,  because t h e  

The curve showing t h e  r e l a t i o n s h i p  between t h e  he igh t s  of the temperature 
peaks (It) and flow F ( f i g .  1) is exponent ia l  and can probably be descr ibed by 

the  equat ions lt = A e  -@' A 
l+F 

-t B or It = - + B ( t h e  second equat ion i s  f o r  /36 

Figure 1. Ca l ib ra t ion  curves of hea t - sens i t i ve  element,  
obtained on femoral ve in  of c a t  (1) and i n  model ( 2 ) .  
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t h e  case where the curve i s  c l o s e  t o  a hyperbole) , where A ,  B and cy are con- 
s t a n t s .  Both equat ions r e f l e c t  t h e  f a c t  t h a t  when F = 0 ,  w e  have t h e  maximum 
-ialue of It which, minus some cons tan t  B y  i s  equal  t o  t h e  c o e f f i c i e n t  A ,  

namely: lto = l,, - B = A. 'The phys ica l  sense of value B i s  t h e  fol lowing.  

With comparable s i z e  of the elements of the sensor ,  on one hand, and of the 
,Jessel diameter, on t h e  o t h e r ,  p a r t  of the heat flow from the heater w i l l  reach 
t h e  thermistor  i n  addi t ion  t o  the v e s s e l .  Therefore ,  when t h e  f low rate i s  i n -  
creased,  t h e  value of 1% w i l l  approach some cons tan t  B r a t h e r  than zero .  The 
curve bends down between the  t ~ o  values  A and B ,  which are assumed by the  func-  
t i o n  It = f ( F )  when F 4 0 and F .-) m y  r e spec t ive ly .  The value l m w  (obta ined  

from a dead animal) may be determined for each sensor .  This makes it poss ib le  
t o  solve g raph ica l ly  t h e  equat ions f o r  t he  sensor r e l a t i v e  t o  F.  I f ,  as a very 
rough approximation, the i n i t i . z l  p a r t  of the graph of t h e  func t ion  which em- 
braces  the main working range of t h e  values  of F f o r  the c e r e b r a l  veins  is re- 
garded as a s t r a i g h t  l i n e ,  we obta in  a q u a l i t a t i v e  so lu t ion  r e l a t i v e  t o  F from 
the  equat ion of t h e  s t r a i g h t  l i n e  F (lm, - l,in) - ItF,, = 0. Here l,,, 

lmin, and F,, are graphic  values  of the va r i ab le s  for the working range of t he  

values  of F .  A simple graphic  so lu t ion  i s  a l s o  poss ib l e .  I n  e i ther  c a s e ,  
s ince  i t  i s  d i f f i c u l t  tr, c a l i b r a t e  each sensor ,  w e  deal w i t h  a s b i t r a r y  u n i t s  
cha rac t e r i z ing  the i n t e g r a l  value of t h e  blood flow dur ing  a single hea t  cyc le .  
W e  s h a l l  later des igna te  these  values  as 4 i n  c o n t r a d i s t i n c t i o n  t o  t h e  abso- 

l u t e  values of the blood flow F .  

which w e  s h a l l  subsequently use r e f l e c t s  t h e  value of the  blood flow during a 
s i n g l e  thermal cycle  i n  a r b i t r a r y  u n i t s  (here  i n  mm because the equat ion w a s  
solved g raph ica l ly )  . 

Thus, we repea t ,  each of the va lues  of li - 

It w i l l  be noted t h a t  w i t h  t h e  proposed method of recording t h e  blood /37 
flow rate w e  can compare the blood flow l e v e l  not  on ly  f o r  a series of reac-  
t i o n s  i n  the course of a single day, b u t  f o r  s e v e r a l  days of the experiment. 
The sensor w a s  secured s u r g i c a l l y  under s ter i le  condi t ions .  The dura  mater w a s  
removed from wi th in  t h e  round t repanat ion  opening. The bone de fec t  w a s  

Figure 2 .  Enlarge& thermogram of heat cyc le ,  3 + 7 s e c .  
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Figure 3. Pos i t i on  of animal i n  cent r i fuge .  

replaced with the  frame of the  sensor and the skull w a s  hermetical ly  sealed.  
The animals w e r e  used i n  the experiment up t o  3-4 weeks. 
sor  w a s  overgrown with connective t i s s u e ,  which a f f ec t ed  i t s  s e n s i t i v i t y  t o  
blood flow changes, bu t  the dynamics of t hese  changes could be t raced  even at 
later time s . 

By t h i s  t i m e  t h e  sen- 

There w e r e  s eve ra l  vers ions of the recording and measuring apparatus .  I n  
a l l  cases  the thermistor  funct ioned i n  a br idge scheme, while t h e  thermal cycle  
w a s  con t ro l l ed  by a mul t iv ibra tor  accurate  t o  0.01. The f i n a l  recording of t h e  
process w a s  c a r r i e d  out  on an H-373 s t r i p - c h a r t  recorder  or  on an EPP-09 au to-  
matic balanced br idge .  

The animals were exposed t o  r a d i a l  acce le ra t ion  i n  a small-arm cent r i fuge  
w i t h  a constant  cycle of revolu t ions .  Accelerat ion of about 5 g developed i n  
t he  head region w h i l e  the  p e l v i s  w a s  exposed t o  acce le ra t ion  of about 10 g.  

During t h e  experiment t h e  animals w e r e  held secure i n  harness f a s t ened  t o  
t h e  loading platform of the cent r i fuge  at many places  ( f i g .  3 ) .  
platform w i t h  the  animal w a s  a Plex ig las  chamber, t h e  back compartment of which 
w a s  f i l l e d  w i t h  f i n e l y  porous rubber t o  prevent  the animal from s h i f t i n g  i n  t h e  

rabbi t ’s  head and connected t o  the  platform of t h e  cent r i fuge  with rubber 
bands. The la t ter  were not  t a u t ,  bu t  they prevented the animal from r a i s i n g  or 
tu rn ing  i t s  head t o  the  s i d e .  The s tandard ac t ion  w a s  c en t r i fuga t ion  f o r  30 
sec a t  30 min i n t e r v a l s .  This dose w a s  r e a d i l y  t o l e r a t e d  by all animals, even 
when repeated f r equen t ly ,  bu t  2-3 min ac t ion  w a s  fatal  t o  most of them. 

Above the  

d i r e c t i o n  of t h e  c e n t r i f u g a l  fo rce .  A s o f t  muzzle w a s  drawn over t h e  /38 

A t  t he  end of some experiments, t h e  ac t ion  w a s  sus ta ined  f o r  60 sec t o  ob- 
t a i n  gradat ion of t h e  r eac t ions  t o  two s t imu l i  of d i f f e r e n t  i n t e n s i t i e s .  Cen- 
t r i f u g a t i o n  w a s  used a t o t a l  of 90 t i m e s .  I n  processing the  material, w e  took 
as t h e  zero l e v e l  the mean value of the o r i g i n a l  r e s t i n g  l e v e l  (background) be- 
f o r e  each exposure. The man w a s  obtained from a half  hour recording of t h e  
blood flow at rest before  the f irst  w h i r l i n g  of the cent r i fuge ,  bu t  before  t h e  
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subsequent whir l ings t h e  mean values  w e r e  obtained from the 10 min segment of 
t he  thermogram j u s t  before  the  cen t r i fuge  w a s  started. The la t ter  w a s  neces- 
s a ry  t o  avoid,  as much as poss ib l e ,  ob ta in ing  t h e  means not from t h e  r e s t i n g  
l e v e l ,  bu t  from the  "a f t e re f f ec t "  of the r e a c t i o n  t o  the preceding ac t ion  of 
the  cen t r i fuge .  

W e  regarded those changes as s i g n i f i c a n t  which w e r e  no smaller than the  
s t a t i s t i c a l  e r r o r  ( m )  . 

The blood flow w a s  a l s o  inves t iga t ed  i n  9 c o n t r o l  animals no t  exposed t o  
acce le ra t ion .  

To determine the phases of the r e a c t i o n ,  we used "run tests" ( S i e g e l ,  
1956) as t h e  c r i t e r i o n .  
which the  presence of changes w a s  s i g n i f i c a n t  at t h e  0.05 l e v e l .  The bound- 
aries of t h e  phases w e r e  determined as t h e  t i m e s  when t h e  func t ion  under inves-  
t i g a t i o n  passed through t h e  zero l e v e l .  

The tables compiled furn ished  boundary values beyond 

Resul t s  

The mean values  of t h e  blood f low at rest obtained f o r  a day changed from 
day t o  day during the experiment. These changes l a y  i n  a range of id0 percent  
of t h e  m e a n  l e v e l  f o r  t h e  e n t i r e  observat ion per iod .  The d i s t r i b u t i o n  of t h e  
mean d a i l y  values  around t h e  trean for the e n t i r e  experiment w a s  random. During 
2-6 hours of t h e  experiment w i t h  repea ted  exposures t o  acce le ra t ion ,  t he  "rest- 
ing" l e v e l  between the exposures gradual ly  dropped a l i t t l e .  However, the same 
t h ing  happened i n  t h e  9 con t ro l  animals t h a t  w e r e  no t  subjec ted  t o  cen t r i fuga -  
t ion.  

A s  mentioned be fo re ,  t h e  recording of t h e  blood flow cons i s t ed  of a series 
of temperature peaks ( f i g .  4 ) .  
t h e  blood flow made on a tape  recorder  of t h e  "automatic balanced recording 
bridge" type. The amplitudes of t h e  temperature which i n t e g r a l l y  charac-  
t e r i z e d  the  blood flow f o r  10, 12, 20 or 60 sec  formed a series of va lues  ran- 
domly d i s t r i b u t e d  around a mean (according t o  t h e  "runs test" c r i t e r i o n ) .  The 
f l u c t u a t i o n s  i n  blood f low had a d e f i n i t e  p e r i o d i c i t y  of 1.5-2 min t h a t  could 
not be de tec ted  by the runs t es t  c r i t e r i o n .  Sometimes these o s c i l l a t i o n s  w e r e  
completed more quickly (1.0-1.2 min) . 
a t ions  i n  t r a i n e d  animals.  
prolonged dev ia t ions  of the blood flow from the  mean l e v e l  (more than 1.5-2.5 
min) . 

The curve shown i n  f i g u r e  4 i s  a recording of 
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W e  observed t h i s  acce le ra t ion  of f l u c t u -  
Under normal condi t ions  (a t  res t )  w e  never observed 

React ion of t h e  Venous Flow t o  Accelerat ion 

Prolonged and repea ted  exposures w e r e  followed i n  most cases  ( 5 8  out  of 90) 
by a more or less pronounced decrease i n  venous flow amounting t o  90 percent  or 
more of t h e  o r i g i n a l  r e s t i n g  l e v e l .  The value of t h i s  negat ive change g r e a t l y  
exceeded t r i p l e  G ( f i g .  5a and b )  . 
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Figure 4. Thermogram of blood flow during cen t r i fuga t ion .  
Rabbit  N o .  57. Scanning from r i g h t  t o  l e f t .  Arrows ind i -  
ca t e  switching on and off of cent r i fuge  motor (dura t ion  of 
ac t ion  30 s e c ) .  

The l e v e l  of devia t ions  from the  m e a n  ( =  3 0) i s  ind ica ted  i n  f i g u r e  >a-c 
by a broken l i n e .  The arrows ind ica t e  the  switching on and off of t h e  c e n t r i -  
fuge motor. The i n i t i a l  ac t ions  the f i r s t  day of t h e  experiment on an animal 
t h a t  had not previously been subjected t o  cen t r i fuga t ion  invar iab ly  e l i c i t e d  a 
weak r e a c t i o n  whose d i r e c t i o n  w a s  only p o s i t i v e .  The subsequent r eac t ion  U8U- 
a l l y  cons is ted  of two or t h ree  phases, one of which w a s  pos i t i ve .  

~ 

A t y p i c a l  s e r i e s  of r eac t ions  t o  severa l  exposures on one day i s  /40 
shown i n  f i g u r e  6. The diagram r e f l e c t s  devia t ions  of the blood flow values 
from t h e i r  mean under normal condi t ions ( i n  percent)  i n  one of the  experimental  
animals. Each group of values  i s  the r e s u l t  of a s ing le  cen t r i fuga t ion ,  and 
each of t h e  values  r e f l e c t s  t h e  devia t ion  from the  mean of an indiv idua l  t e m -  
pera ture  peak l a s t i n g  20 see .  The f i g u r e s  above ind ica t e  the length  of' ti= 

The d a t a  i n  the  diagram w e r e  obtained on t h e  second day of t h e  experiment. The 
day before ,  t h i s  animal w a s  cen t r i fuged  7 t i m e s .  It i s  evident  from f i g u r e  6 
that  the r eac t ion  t o  acce le ra t ion  genera l ly  starts with a s l i g h t  decrease i n  
the  venous flow. This s tage  can be regarded as t h e  i n t e g r a l  r e s u l t  of a more 
complex r eac t ion .  The i n i t i a l  passive mechanical r e t u r n  flow of venous blood 
could not be de tec ted  because it w a s  too fas t .  It w a s  followed by a s l i g h t  de- 
c rease  i n  blood flow i n  the  ves se l  under study, which i s  r e f l e c t e d  on t h e  ex- 
perimental  curve by an increase  i n  the f i rs t  thermal amplitude. The regu la r  
presence of a phase of i n t e n s i f i e d  venous flow is  noteworthy. Almost all the  
devia t ions  of the second peak (after the start of acce lera t ion)  w e r e  p o s i t i v e .  
F i n a l l y ,  a stage of marked decrease i n  blood flow set  i n .  The predominant 
change w a s  genera l ly  negat ive.  Hence, the mean change w a s  negative i n  most 
cases  ( i n  68 o u t  of 90). 

t h e  motor ran i n  seconds and the i n t e r v a l  between exposures i n  minutes. /41 

The decrease i n  blood flow, i f  any, p e r s i s t e d  u n t i l  t h e  cent r i fuge  w a s  
ha l t ed .  
t r i f u g e  t o  come t o  a complete s top .  Res tora t ion  of t h e  blood flow then 
began promptly. 

The motor ran 30 or 60 sec ,  and 30 more sec were requi red  f o r  t h e  cen- 
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Figure  5 .  Area of thermogram dev ia t ions  from mean r e s t i n g  l e v e l  
after second exposure of 30 see on second (a) , t h i r d  (b)  and 
seventh ( e )  days of experiment. Time mark 2.5 min. Arrows i n -  
d i c a t e  t i m e  cen t r i fuge  w a s  switched on and o f f .  

The gradual  i n t e n s i f i c a t i o n  of t h e  r e a c t i o n  after repea ted  exposures ( I  < 
I1 < I11 I V )  w a s  c h a r a c t e r i s t i c .  The negative change became less pronounced 
( V )  , bu t  after t h e  f i f t h  s t a r t u p  of the cen t r i fuge  , when t h e  i n t e r v a l  between 
exposures w a s  shortened t o  5 min, it began to i n t e n s i f y  once more ( V  < V I  < 
V I I )  . The r e a c t i o n  weakened s l i g h t l y  after t h e  next  s t a r t u p s  of t h e  machine. 
Prolonged exposures (&I see)  E t  t h e  end of t he  experiment d i s rup ted  t h e  process 
of s t a b i l i z a t i o n  and i n t e n s i f i c a t i o n  again set i n .  

When the  thermal cyc le  l z s t e d  60 see ,  1.e , one measurement of t h e  blood 
flow produced an i n t e g r a l  value for t h e  e n t i r e  per iod  of c e n t r i f u g a t i o n ,  t h e r e  
was a change i n  r e a c t i o n  from t h e  t o t a l  p o s i t i v e  s h i f t  after t h e  f i r s t  exposure 
t o  t h e  negative after the  t h i r d  and subsequent exposures, and t h e  value of t h e  
negative s h i f t  sys t ema t i ca l ly  grew ( f i g .  7 ) .  
t he  r e a c t i o n  w a s  nega t ive  even a f t e r  t h e  f i r s t  c e n t r i f u g a t i o n  and it cont inued 
t o  i n t e n s i f y  a f t e r  t he  fol lowing exposures. Following a day ' s  i n t e r r u p t i o n ,  

On t h e  next day of t h e  experiment, 
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Figure 6. Deviations of ind iv idua l  li from mean r e s t i n g  l e v e l  
i n  percentages at t im of exposure t o  seve ra l  successive acce l -  
e r a t i o n s  during s ing le  day of experiment. 

Figure 7. Deviations of values  of li from mean r e s t i n g  l e v e l  

averaged for e n t i r e  per iod  of r o t a t i o n  i n  seve ra l  successive 
exposures during four  days of experiment. 
Curves 1, 2 ,  3 ,  h--days of r o t a t i o n .  Abscissa--time i n  min- 
u t e s .  Roman numerals--ordinal numbers of exposures during a 
s ing le  day. 
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the  s h i f t  w a s  again p o s i t i v e  after t h e  f i r s t  s t a r t u p  of the cen t r i fuge .  Then 
the whole p a t t e r n  w a s  repea ted .  The order  of the curves i n  f i g u r e  7 i s  as 
follows: first and second days of the  experiment--without i n t e r rup t ion ;  t h i r d  
day- -af te r  a day ' s  i n t e r rup t ion ;  f o u r t h  day--also a f t e r  a day ' s  i n t e r r u p t i o n .  

Figure 7 shows t h e  i n t e n s i f i c a t i o n  of t h e  negat ive s h i f t  frcm day t o  day, 
except t he  f o u r t h  day of the experiment, when the negat ive s h i f t  became appre- 
c i a b l y  less. W e  observed a sixilar p a t t e r n  i n  a l l  9 rabbi t s .  

The r e a c t i o n  t o  c e n t r i f u g s t i o n  began t o  weaken after 2-4 days of t h e  ex- 
periment.  I n  two rabbi ts  observed f o r  10 days,  the i n t e n s i t y  of changes i n  
blood flow dur ing  c e n t r i f u g a t i x  decreased at the  end of this per iod and d id  
not  d i f f e r  s i g n i f i c a n t l y  from f luc tua t ions  i n  t h e  blood flow l e v e l  a t  rest 
( f i g .  5 c ) .  

The i n i t i a l  s t age  of r e s t o r a t i o n  w a s  i nva r i ab ly  represented by  a d is -  /43 
t i n c t  i n t e n s i f i c a t i o n  of the venous flow ( f i r s t  phase of t h e  a f t e r e f f e c t ) .  

- 
From t i m e  t o  t i m e  t h i s  i n t e n s i f i c a t i o n  w a s  r e f l e c t e d  i n  only  one or two reduced 
thermal  peaks, b u t  even then  the increased blood flow g r e a t l y  exceeded the 
t r i p l e  value of the root-mean-square f o r  t he  background. I n  a f e w  cases ,  sev-  
eral of the  reduced t h e r m a l  peaks w e r e  contained wi th in  the t r i p l e  root-mean- 
square,  b u t  exceeded 2 0 .  The p o s i t i v e  change i n  func t ion  w a s  s i g n i f i c a n t  be- 
cause it w a s  p resent  i n  every case and because of t h e  "runs test" c r i t e r i o n .  
The i n t e n s i t y  of t h i s  change w a s  f a i r l y  wel l  c o r r e l a t e d  w i t h  the value of t h e  
negat ive dev ia t ion  i n  func t ion  from t h e  m a n  value at rest a t  t h e  t i m e  of t h e  
ac t ion .  
t he  t h i r d  day of an experiment wi th  one of the rabbits.  

T h i s  r e l a t i o n s h i p  can be seen i n  f i g u r e  8. The d a t a  were obtained on 

Curve A r ep resen t s  a series of dev ia t ions  i n  func t ion ,  averaged f o r  the 
e n t i r e  t i m e  of r o t a t i o n ,  from t h e  mean r e s t i n g  l e v e l  during successive expo- 
sures on one day of an experiment. The f i g u r e s  on the curves are the 
o rd fna l  numbers of the exposure. Therefore,  t h e  p o i n t s  on t h e  curves f o r  the 
first (curve B)  and second phases of the a f t e r e f f e c t  (curve C )  correspond t o  
the  analogous po in t s  on the  f i r s t ,  second and succeeding experimental  po in t s  on 
curve A .  
corresponding po in t s  on curves A ( r e a c t i o n  during exposure) and B ( r e a c t i o n  
during the  f i r s t  phase of the a f t e r e f f e c t ) .  
ac t ions  during r o t a t i o n  w a s  observed i n  a l l  9 animals i n  t h e  a f t e r e f f e c t .  

/44 

Figure 8 shows a q u k l i t a t i v e l y  good negat ive c o r r e l a t i o n  between the 

This r e l a t i o n s h i p  between the re- 

Curve C i n  f i g u r e  8 r e f l e c t s  d a t a  f o r  t h e  second phase of the a f t e r e f f e c t ,  
dur ing which t h e  venous f low decreased. 
t sb l i shed  by the  "runs test" c r i t e r i o n .  The decrease i n  venous flow lasted 20- 
25 min. The ex ten t  of the negat ive change i n  func t ion  f l u c t u a t e d  throughout 
t h e  second phase.  The mean value of t h i s  change gene ra l ly  equal led  the i n t e n -  
s i t y  of t he  preceding changes, bu t  the q u a l i t a t i v e  c o r r e l a t i o n  was no t  as good 
as f o r  the  f i r s t  phase. I n  some ins t ances ,  e s p e c i a l l y  during t h e  lat ter p a r t  
of t h e  experiment,  the  second phase w a s  i n d i s t i n c t  or absent .  The dynamics of 
t h e  phase changes i n  the  a f t e r e f f e c t  i s  shown i n  f i g u r e  5a-c, which p resen t s  
t h e  r e s u l t s  of t h e  exposures and subsequent f l u c t u a t i o n s  i n  l e v e l  of t h e  venous 
flow on t h e  2nd, 3rd and 7th days of the experiment. 

The boundaries of the  phases were es- 
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Figure 8. 
from r e s t i n g  l e v e l  ( i n  percent )  following successive ex- 
posures on 1 day of experiment. 
A--centr i fugat ion;  B-  1st phase of a f t e r e f f e c t ;  C - - f  ig- 
ures  on curves--ordinal  numbers of t h e  exposures.  

Mean devia t ions  of li f o r  per iod  of r o t a t i o n  

Besides providing data on blood flow changes, our method yielded informa- 
t i o n  on the  dynamics of changes i n  b r a i n  temperature near  t h e  place of t h e  sen- 
sor. It w a s  not  our purpose t o  analyze these data i n  the present  work. We 
w i s h  merely t o  note  tha t  the b r a i n  temperature f l u c t u a t e d  around 37 f 20. An 
i n t e n s i f i c a t i o n  of the blood flow w a s  accompanied by a r ise i n  b r a i n  tempera- 
ture, while a decrease i n  the blood flow coincided w i t h  a drop i n  temperature.  
The changes amounted t o  about 0.30. Regardless of the blood flow, b r a i n  temper- 
a tu re  f l u c t u a t i o n s  of the order  of 0.3-0.50 w e r e  very slow i n  developing--about 
9 min w e r e  requi red .  

I n  addi t ion  t o  these  temperature changes, the s i te  of the sensor w a s  
w a r m e d  a t  the  time of the sharp decrease i n  blood flow during cen t r i fuga t ion  
due t o  the  low t r a n s f e r  of h e a t  by the moving blood. 

Discussion 

The marked decrease i n  venous flow after acce le ra t ions  reaching a c r i t i c a l  
l e v e l  or after prolonged exposures r e f l e c t s  the insu f f i c i ency  of the  ce reb ra l  
blood supply t h a t  develops under these  condi t ions .  The f a c t  that the rabbits 
d ied  a f t e r  exposures of more than 2 min confirms t h e  p r o b a b i l i t y  t h a t  t h e  ce re -  
bral  blood supply s e r i o u s l y  d e t e r i o r a t e s  during cen t r i fuga t ion .  Evidence of 
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t h i s  i s  provided by the  sharp drop i n  oxygen tens ion  i n  c e r e b r a l  t i s s u e s  noted 
by Ye. A. Kovalenko e t  a l .  ( 1963) i n  cent r i fuged  dogs. Some authors  be l i eve  
t h a t  oxygen tens ion ,  as measured i n  t h e  b r a i n  by t h e  polarographic method, 
i s  a d i r e c t  i n d i c a t x  of t h e  blood supply i n  t h e  region under s tudy (Cross and 
S i l v e r ,  ~ 3 6 ' 2 ) .  

The decrease in venous flow noted i n  our experiments occlirred only a t  t h e  
end of 313 see of r o t a t i o n .  Much of t h e  30 sec exposure came during the  per iod 
of increased flow. I n  2 out  of t he  9 animals r o t a t e d  f o r  30 s e e ,  w e  obser-red 
only an  increase  i n  the  func t ion  under s tudy ,  W e  assume t h a t  i n t e n s i f i c a t i o n  
,3f t h e  flow r e f l e c t s  the  mechanism of compensation. The 3Q sec exposure t o  ac- 
i .e lerat ion of 4-5 g i n  t h e  head region w a s  no t  r e a l l y  c r i t i c a l .  However, re- 
peated exposures over s eve ra l  days of t he  same a n i m a l  d i d  produce a v i r t u a l l y  
Czrit ical  r eac t ion .  This phenomenon of "cumulation" is  c h a r a c t e r i s t i c  of t h e  
e f f e c t  of acce le ra t ion ,  and it has a l s o  been noted i n  the  course of f l i g h t  
t r a i n i n g  (Savin,  1957). Thus,  there  i s  exhaustion of compensation o r  s u m a t i o n .  

I t  i s  f a i r  t o  state,  t h e r e f o r e ,  t h a t  t he  venous flow r e a c t i o n  to acce lera-  
t i o n  i s  not determined s o l e l y  by the  pass ive  mechanical s h i f t i n g  of blood.  It 
a l s o  includes t h e  b i o l o g i c a l  components of compensation. W e  a l s o  th ink  it 
l i k e l y  t h a t  t he re  are t r a c e  r eac t ions  l a s t i n g  at least a day t o  acce le ra t ion ,  
which raises t h e  ques t ion  of whether neuroref lex mechanisms p a r t i c i p a t e  i n  
these  processes .  The EEG changes t h a t  occur 2-3 hours after cen t r i fuga t ion  of 
r s b b i t s  suggest t h a t  the  a n s w e r  i s  i n  the  a f f i rma t ive  (Izosimov and Razumeyev, 
1962). 

The ar ter iovenous g rad ien t  of pressure  and hybromechanical r e s i s t a n c e  of 
t h e  ce reb ra l  ves se l s  are the  only f a c t o r s  t h a t  de'cermine t h e  l e v e l  of t h e  c e r e -  
b r a l  flow (Kety,  1943). After  a sharp drop i n  arterial  pressure  "at t h e  head 
l eve l , "  t he  s t a b i l i t y  of t h e  c e r e b r a l  blood supply undoubtedly cannot be p re -  
served without ac t ive  vasod i l a t a t ion ,  because the  drop i n  venous pressure  does 
not ensure an adequate ar ter iovenous g rad ien t .  An increase  i n  venous flow and 
clsntraction of the  venous system, as mentioned be fo re ,  c r e a t e s  t he  phys ica l  
condi t ions  f o r  e f f e c t i n g  a decrease i n  r e s i s t a n c e  of t h e  c e r e b r a l  vascular  sys- 
t e m  ( p o s s i b i l i t y  of increas ing  t h e  s i z e  of t h e  vascular  bed of the  arterial and 
c a p i l l a r y  systems) .  Af t e r  t hese  p o s s i b i l i t i e s  of compensation become exhausted 
and insuff  i c  i e n t  , t he  gene ra l  ze reb ra l  blood flow ( and, theref  o r e  , t h e  venous 
as w e l l )  decreases and the  b r a i n  becomes anemic. 
death supervenes. 

I f  t he  doses are c r i t i c a l ,  

The two-phase f l u c t u a t i o n s  i n  t h e  blood flow l e v e l  observed i n  t h e  a f t e r -  
e f f e c t  are probably caused by *change i n  C02 and O2 concent ra t ions  i n  b r a i n  

t i s s u e s  and i n  c e r e b r a l  blood at the  t i m e  of acce le ra t ion .  It has a l ready  been 

arise. The immediate e f f e c t  i s  l o c a l  automatic vasod i l a t a t ion  (Sokoloff ,  1959 5 . mentioned t h a t  hypoxia (Kovaleiiko e t  al.  , 1963) and even hypercapnia may 

Such, i n  our opinion,  i s  t h e  o r i g i n  of t h e  f i r s t  phase of t h e  a f t e r e f f e c t - -  
i n t e n s i f i c a t i o n  of t h e  venous flow (he re  the  genera l  c e r e b r a l  blood f low) .  The 
r e g u l a r i t y  with which t h i s  r e a c t i o n  occurs  and i t s  evident  q u a n t i t a t i v e  co r re -  
l a t i o n  with the  ex ten t  of the  negat ive s h i f t  a t  the  t i m e  of c e n t r i f u g a t i o n  con- 
f i rm  our view. 
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The second phase of t he  a f te ref fec t - -decrease  i n  ce reb ra l  blood f low--is 
less d e f i n i t e  quan t i t a t ive ly .  The long cont rac t ion  of t he  venous flow during 
t h e  second phase of t h e  a f t e r e f f e c t  i s  c l e a r l y  ind ica t ive  of diminution of t h e  
ce reb ra l  blood flow as a whole. This r e a c t i o n  can scarce ly  be regarded as the  
r e s u l t  of some preceding hypercanpensation. The decrease in  ce reb ra l  flow here 
i s  probably a r e f l e c t i o n  of the  i n h i b i t e d  state of s eve ra l  systems, pr imar i ly  
the c e n t r a l  nervous system. This has been observed i n  human subjec ts  r o t a t e d  
on a cent r i fuge  and i n  experimental animals (Kovalenko e t  al., 1963). I n  o w  
experiments t h i s  s tage  of the a f t e r e f f e c t  w a s  i n d i s t i n c t  or absent i n  w e l l  
t r a ined  animals. 

Study of the e f f e c t  of acce le ra t ion  on the  venous flow proved t o  be a con- 
venient  model f o r  observing t h e  t r a i n i n g  process i n  animals. The rabbits be- 
came " w e l l  t ra ined"  after 3-4 days i n  the cent r i fuge .  The days of r e s t  helped 
t h e m  to.become more t o l e r a n t  of acce lera t ion .  However, exposures repeated over 
a number of days aggravated t h e  in ju r ious  e f f e c t s ,  as might be expected. It 
w i l l  be noted t h a t  t h e  c r i t i c a l  exposure f o r  r a b b i t s  t o  t h e  acce le ra t ions  used 
i n  our work w a s  c lose  t o  t h a t  employed f o r  s i m i l a r  exposures i n  a chest-back 
d i r e c t i o n  f o r  man ( B a r e r ,  1962). 

Conclusions 

1. Accelerat ion i n  a head-pelvis d i r e c t i o n  i n i t i a l l y  i n t e n s i f i e s  and then 
slows the venous flow i n  t h e  cerebra l  ves se l s  of rabbi ts .  

2.  The venous flow reac t ion  i n  the  a f t e r e f f e c t  i s  two-phase, cons i s t ing  
of a b r i e f  i n i t i a l  increase and then a prolonged decrease in  blood f low.  

3. Repeated exposures resu l t s  i n  sumnation of t h e  venous flow reac t ions .  

4. Centr i fugat ion over a number of days, including those free from acce l -  
e r a t i o n ,  causes adaptat ion.  

5 .  The venous flow r e a c t i o n  t o  acce lera t ion  i n  a head-pelvis d i r e c t i o n  is  
determined by the  i n t e r a c t i o n  of the passive mechanical f a c t o r  w i t h  t h e  f a c t o r  
of phys io logica l  compensation. 
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EFFECT O F  PROLONGED A C C E L E W I O N  ON TRE GROWTH OF TRE ORGANISM 
AND ON TRE FUNCTIONING O F  SEXERAI; OF ITS SYSTEMS 

A. A, Gyurdzhian, Z .  I. Apanasenko, V.  I. Baranov, 
M. A. Kuznetsova and L.  A. Radkevich 

ABSTRACT 

Rats a t t a i n i n g  t h e  age of 2-3 days were exposed to  ac- 

The weight of experimental  rats w a s  smaller  than t h a t  
c e l e r a t i o n  of 2-3 g ‘3-6 hours d a i l y  during 2-3 months. 

of t h e  con t ro l .  Spec ia l  experiments showed t h a t  unfavor- 
able condi t ions of food in t ake  during r o t a t i o n  w e r e  not  the  
s ing le  cause of t he  l o w  weight of experimental  animals. 
Motor a c t i v i t y  i n  experimental  rats during s p e c i a l  tes t  ro- 
t a t i o n  w a s  higher  than i n  the  con t ro l .  Mor ta l i ty  under the  
ac t ion  of l e t h a l  acce le ra t ion  was t h e  same i n  both groups. 
No d i f f e rence  between v i a b i l i t y  of  experimental  and con t ro l  
rats w a s  observed. 

organ w a s  reduced. B i o e l e c t r i c  r eac t ion  of  ex t remi ty  mus- 
c l e s  t o  adequate s t imula t ion  of v e s t i b u l a r  apparatus w a s  
lower, the  l a t ency  of r eac t ion  w a s  longer  and the  dura t ion  
of a f t e r e f f e c t  w a s  s h o r t e r .  B i o e l e c t r i c  a c t i v i t y  of ske l -  
e t a l  muscles a t  rest i n  experimental  rats was lower. 

The l a t ency  of c.nconditioned defensive r e f l exes  t o  a 
weak s t imulus i n  experimental  rats w a s  longer  than i n  the  
cont ro l ;  the  l a t ency  of the  r e f l e x  t o  medium and s t rong  
s t i m u l i  exhib i ted  a tendency t o  shortening.  

I n  experimental  rats the  e x c i t a b i l i t y  of equi l ibr ium 

Inves t iga t ion  of the  part  played by g r a v i t a t i o n a l  fo rces  i n  onto- and /48 - 
phylogenesis and i n  the  v i t a l  a c t i v i t y  of  organisms i s  of great t h e o r e t i -  
c a l  and p r a c t i c a l  s ign i f i cance  (Brovar, 1960; Isakov, 1963; Korzhuyev, 1963). 
It i s  helping t o  e l u c i d a t e  t h e  r o l e  of g r a v i t a t i o n  as a f a c t o r  i n  evolu t ion ,  
and i s  usef’ul i n  p red ic t ing  the  e f f e c t  of weight lessness  during extended space 
f l i g h t s  and under t h e  condi t ions  of higher  o r  lower g r a v i t a t i o n  ( than  on Earth)  
on small or l a r g e  heavenly bodies.  
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Living organisms grown under condi t ions of prolonged r o t a t i o n  on a c e n t r i -  
fuge are considerably d i f f e r e n t  f r o m  the  con t ro l .  The e f f e c t  of acce le ra t ion  
has been experimentally inves t iga ted  i n  the  following b i o l o g i c a l  ob jec ts :  
micro-organisms (Montgomery e t  a l . ,  1963) exposed t o  more than  100,000 g ;  bean 
and wheat seedl ings (Edwards and Gray, 1956; Gray and Edwards, 1955)--10-w0 g; 
Drosophila larvae (Wunder, Herr in  and Crawford, 1959; Wunder, Crawford and 
Herr in ,  1960)--1200-3000 g; turkey pou l t s  and chicks (Winget, Smith and Kel ly ,  
1962)--1.5-6 g; mice (Wunder, Briney, K r a l  and Skaugstad, 1960); 1.5-14 g; rats 
and hamsters (Matthews, 1953; Briney and Wunder, 1962; Vrabiesku, Cimpeanu and 
Domilescu, 1963); turt les (Wunder, Lutherer and Dodge, 1963)--3-5 g.  

After c e r t a i n  i n t e n s i t i e s  of acce le ra t ion ,  t he re  is  genera l ly  some l a g  i n  
growth and s i z e  of the experimental  ob jec t s  along with s l i g h t  changes i n  body 
proport ions.  The r e l a t i v e  weight of the h e a r t  and muscles of t he  diaphragm and 
femur increases ,  while i n  p l a n t s  t h e  stem diamet,er en larges ,  i . e . ,  t h e  systems 
incur r ing  the  g r e a t e s t  func t iona l  load as a r e s u l t  of increased weight i n  /49 
t h e  cen t r i fuge .  N o  s igns  of degenerative changes or s u s c e p t i b i l i t y  t o  d isease  
o r  ep izoot ic  were noted i n  t h e  experimental  animals. 

According t o  some authors ,  the cycle  of v i t a l  processes i s  more r a p i d  i n  
these  animals, with t h e  consequence t h a t  t h e i r  l i f e  span i s  s h o r t e r  (Vrabiesku, 
Cimpeanu and Domilescu, 1963). 
( s m a l l  s i z e ,  s h o r t  l i f e  span) are t h e  r e s u l t  of s p e c i f i c  adapta t ion  t o  increased 
g r a v i t a t i o n  is  overly s impl i f i ed  (Wunder , Lutherer and Dodge, 1963) . 
c e r t a i n  condi t ions tur t les ,  f o r  example, are much bigger than t h e  con t ro l .  A 
f a c t o r  of some s igni f icance  i s  that the condi t ions i n  the cent r i fuge  a r e  unusual 
f o r  t h e  inges t ion  and d iges t ion  of food (Wunder, Lutherer and Dodge, 1963). 

However, the  view t h a t  these  c h a r a c t e r i s t i c s  

Under 

Funct ional  t e s t s  and loads show t h a t  the experimental animals r e a c t  some- 
w h a t  d i f f e r e n t l y  from t h e  c o n t r o l  (Gyurdzhian e t .  al., 1963). 
e t y  of inf luences exer ted  on the vegeta t ive  ind ices  of developing organisms, 
some authors noted i n  s i m i l a r  i nves t iga t ions  permanent changes i n  t h e  animal 
sphere.  

Besides the  v a r i -  

For example, e x t i n c t i o n  of t h e  nystagmus r e a c t i o n  t o  repeated s t imula t ion  
i n  chicks w a s  less pronounced than i n  t h e  c o n t r o l  (Winget, Smith and Kel ly ,  
1962).  A f t e r  rats were removed from t he  cen t r i fuge ,  t he re  w a s  an unusual d i s -  
t r i b u t i o n  of muscle tone,  while decerebrat ion r e s u l t e d  i n  except iona l ly  s t rong  
extensor tone (Matthews, 1953) . 

Our objec t ive  w a s  t o  study the  development and func t iona l  state of white 
labora tory  rats grown under the  condi t ions of prolonged d a i l y  exposure t o  cen- 
t r i p e t a l  acce le ra t ions .  
subjected t o  r o t a t i o n  on a s p e c i a l  s tand every day (except  Sunday) f o r  2-3 
months. 
250 mm i n  s i z e .  The maximum radius  of r o t a t i o n  was 135 cm, maximum number o f  
revolu t ions  --30 -40 per min, c e n t r i p e t a l  acceleration--about 2-3 g ( f i g .  1) . 

Two t o  6 day o ld  animals (ha l f  of t h e  l i t t e r )  were 

The animals w e r e  kept i n  t ransparent  P lex ig las  conta iners  250 x 250 x 

The o ther  ha l f  of the l i t t e r  served as the  con t ro l .  These rats were l a id  
under another mother and not r o t a t e d .  
same condi t ions as t h e  con t ro l .  

They were kept  under more or l e s s  t h e  
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Figure  1. Rotat ing s t and  (gene ra l  view).  

The rats i n  t h e  f i r s t  series of experiments w e r e  r o t a t e d  wi th  t h e i r  mother. 

/50 
While being r o t a t e d  they  w e r e  able t o  move about t h e  box, suck t h e  mother and 
take o ther  food. I n  the second series, the animals w e r e  r o t a t e d  without 
t h e  mother. A t  t he  t i m e  of r o t a t i o n  the c o n t r o l  rats w e r e  a l s o  removed from 
t h e  mother. W e  w e r e  thus  able t o  e l imina te  the probable harmful e f f e c t  of ac-  
c e l e r a t i o n  on the  in t ake  of food and ear ly  stage of d iges t ion .  

Some 71 c o n t r o l  and 85 experimental  rats (17 l i t t e r s )  w e r e  used i n  t he  i n -  
ves t iga t ion ,  which Included the  following: 

(1) genera l  observat ion of the condi t ion ,  behavior ,  and development of the  
young animals and r egu la r  weighing; 

( 2 )  hematological ana lys i s ;  

( 3 )  i nves t iga t ion  of background e l e c t r i c  a c t i v i t y  and electromyographic 
r eac t ion  of  muscles i n  the  hind leg t o  adequate s t imula t ion  o f  t he  v e s t i b u l a r  
apparatus  ( rocking) ;  

( 4 )  i nves t iga t ion  of the threshold  of e x c i t a b i l i t y  and length  of t h e  
l a t e n t  per iod of the uncondi t imed p ro tec t ive  motor r e a c t i o n .  

Observation of the  genera l  condi t ion and behavior of the  animals fa i led t 
revea l  any s i g n i f i c a n t  d i f f e r e r c e s  between the experimental  and c o n t r o l  rats. 
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Natural  death from various causes w a s  a l s o  about t h e  same i n  both  groups. Al- 
though t h e  animals w e r e  able t o  move about during r o t a t i o n ,  they spent most of 
t h e  time as far away from t h e  center  of r o t a t i o n  as poss ib le ,  with t h e  r e s u l t  
that  the c e n t r i f u g a l  fo rce  and g r a v i t y  w e r e  d i r e c t e d  along t h e  back-chest axis 
of t h e  body. 

The behavior,  motor a c t i v i t y  and coordinat ing movements of the  animals 
w e r e  f i lmed i n  a s p e c i a l  l a rge  box on t h e  r o t a t i n g  s tand during acce le ra t ions  
of about 5 g and immediately after the ac t ion  w a s  ha l t ed .  The experimen- 
tal rats proved t o  be much more a c t i v e  than the  con t ro l .  
they moved about, clambered up the s ides  of the container  and showed w e l l  CO- 

ordinated movements. A s  soon as the  r o t a t i o n  stopped, they  resumed t h e i r  nor- 
m a l  motor a c t i v i t y .  On the other  hand, t h e  c o n t r o l  rats sat cur led  up while 
being r o t a t e d .  After the  ac t ion  w a s  h a l t e d ,  they  remained motionless for a 
long t i m e  and t h e i r  f u r  w a s  disheveled. 
ur ina ted  f r equen t ly ,  whereas t h e  con t ro l  animals were much c leaner .  It i s  our 
impression t h a t  u r ina t ion  and defeca t ion  w e r e  i n h i b i t e d  i n  the experimental  
animals during r o t a t i o n ,  b u t  these  a c t s  w e r e  q u i t e  f r e e  i n  the  con t ro l s .  

151 
A t  m e d i u m  i n t e n s i t i e s  

The experimental rats defecated and 

Sixteen experimental  and 16 con t ro l  rats were exposed t o  acce lera t ions  of 
about LD50 (20-25 g,  5 min) i n  a labora tory  cen t r i fuge  (36 cm r a d i u s ) .  

t he re  w a s  no s i g n i f i c a n t  d i f fe rence  i n  mor t a l i t y  rate between the  two groups. 

However, 

The dynamics of the r e l a t i v e  weight of t h e  experimental  animals i n  percent-  
ages of t h e  weight of t h e  con t ro l s  i s  shown i n  f i g u r e s  2 and 3. Figure 2 pre- 
s e n t s  t he  r e s u l t s  of the f i r s t  series of experiments on 59 experimental and 45 
con t ro l  animals (10 l i t t e r s )  which remained with t h e i r  mothers and were able t o  
take nourishment during r o t a t i o n .  Forty- three of t h e m  w e r e  exposed t o  1.5-2 g 
(curve 1) , 16-0.8 g (curve 2 ) ,  because they  w e r e  i n  the conta iner  s i t u a t e d  
c lose r  t o  t h e  center  of r o t a t i o n  of the s tand .  

The experimental animals gained weight more slowly than d id  the  con- 
t r o l  from the very f i r s t  days of r o t a t i o n .  A t  low i n t e n s i t i e s  of acce le ra t ion  
(0.8 g) , the lag i n  weight w a s  less pronounced than  at the higher  i n t e n s i t i e s  

/52 

(1.5-2 g > .  

The curves w e r e  undulant.  For example, the experimental  animals gained 
weight qu i t e  slowly during the  f i r s t  days of r o t a t i o n ,  bu t  by the 10th day they  
did so somewhat more r ap id ly ,  and by the 50th day they  weighed almost t h e  same 
as t h e  con t ro l s .  Unfortunately,  t h e  d a i l y  r o t a t i o n  of the animals was halted 
a t  t h i s  t i m e  (50-60 days from b i r t h ) .  
t he  f i n a l  segment of the  curves would have been l i ke  had the d a i l y  sess ions  
continued. Our material i s  too meager f o r  a s t a t i s t i c a l l y  s i g n i f i c a n t  evalua- 
t i o n  of the  ind iv idua l  waves on t h e  curve,  i .e.,  t he  phases (per iods)  of l a rge r  
or smaller lag i n  weight of the experimental  animals. Only the  general  nature  
of the curve is beyond quest ion,  i . e . ,  the weight of t h e  experimental a n i m a l s  
w a s  less than t h a t  of t h e  cont ro ls  as long as they were exposed t o  d a i l y  acce l -  
e r a t ions .  The higher i n t e n s i t i e s  of the ac t ion  made t h e m  lag  even more behind 
the  con t ro l s  than did t h e  lower i n t e n s i t i e s .  

It i s  therefore  d i f f i c u l t  t o  say what 
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Figure  2. Dynamics of average weight of experimental  rats 
i n  percentages of weight of con t ro l s  (genera l  na ture  of 
curves i s  shown). 
1--experiments wi th  acce le ra t ions  of 2-3 g .  F i r s t  p a r t  of 
curve,  broken l i n e s ,  i s  hypothe t ica l  because of insuf f  i- 
c i e n t  d a t a  t o  determine s t a t i s t i c a l  s ign i f i cance ;  
2--experiments with acce le ra t ions  of 0.85 g. 
age of rats (50-62 days) when d a i l y  r o t a t i o n  w a s  h a l t e d .  
Abscissa--age of animals i n  days--percent of w e i g h t  of con- 
t r o l  animals. 

Arrows show 
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Figure 3. Dynamics of average weight of experimental  rats 
i n  percentages of weight of con t ro l s  (gene ra l  na ture  of 
curves) .  
Abscissa and ordinate--same as i n  f i g u r e  2.  

Figure 3 r e f l e c t s  the r e s u l t s  of the second series of experirnents pe r -  
formed on 26 experimental  and 26 c o n t r o l  rats ( 7  l i t t e r s ) ,  which were removed 
from the i r  mothers i n  the  rots. t ion per iod  and rece ived  no food. The curve of 
t h e  r e l a t i v e  weight of t h e  experimental  animals i s  much higher  t h a n  t h a t  i n  
f i g u r e  2. However, here too they  c l e a r l y  lagged behind the c o n t r o l s .  

L i k e  f i g u r e  2, f i g u r e  3 shows the undulant q u a l i t y  of t h e  curve.  However, 
f u r t h e r  s tudy w i l l  be needed t o  e luc ida te  the elements involved i n  the weight 
changes of the rats grown under the condi t ions  of prolonged exposure t o  acce le r -  
a t i o n  and the underlying phys io logica l  mechanisms. The one t h i n g  t h a t  i s  c l e a r  
i s  t h a t  t h e  unusual circumstances connected w i t h  feed ing  during acce le ra t ions  
p l ay  a d e f i n i t e  i f  no t  exc lus ive  r o l e  i n  the  slow growth and weight ga in  of t he  
experimental  animals.  

Combined biochemical i nves t iga t ions  of the blood and ur ine  throw some 
l i g h t  on t h e  mechanisms of in f luence  of prolonged acce le ra t ion  which may be 
manifested i n  adapt ive or  degenerat ive changes. The inves t iga t ions  of the 
blood and u r ine  provide information about the  metabolic processes  i n  gene ra l ,  
p ro t e in  and nuc le ic  metabolism i n  p a r t i c u l a r  (Gyurdzhian e t  al., 1963; Baranov 
e t  a l . ,  1963). Our own inves t iga t ions  w i l l  be discussed i n  a s p e c i a l  r e p o r t .  
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These data i n d i c a t e  tha t  g r a v i t a t i o n a l  condi t ions  , s p e c i f i c a l l y  acce le ra -  
t i o n ,  in f luence  i n  one way or another ( the  al imentary f a c t o r  i s  not incons ider -  
able) the morphogenesis and s t a t e  of t h e  autonomic func t ions  of t h e  animal 
organism. 

I n  add i t ion  t o  t h e  e f f e c t  of g r a v i t a t i o n  on t h e  autonomic indices  of t h e  
experimental animals, we were a l s o  i n t e r e s t e d  i n  the  state of the i r  animal 
sphere.  Accordingly, w e  s tud ied  v e s t i b u l a r  func t ion  and the  unconditioned de- 
f ense  r e f l e x  i n  17 experimental and 17 c o n t r o l  rats from both series of expe r i -  
ments, fed during r o t a t i o n  and at o ther  t i m e s .  The r e s u l t s  of bo th  series of 
experiments w e r e  i n  p r i n c i p l e  the same. The electromyographic r e a c t i o n  of the 
animals' hind l eg  served as t h e  index of the phys io logica l  state of t h e  v e s t i -  
b u l a r  apparatus.  Graduated rocking around the long i tud ina l  axis of t h e  body 
w a s  used for adequate s t imu la t ion  of t h e  r ecep to r s  of the v e s t i b u l e .  The rock- 
i ng  w a s  c a r r i e d  out on a s p e c i a l  p iece  of equipment f o r  10 sec at  a frequency 
of 0.6 cyc le  per  sec and w i t h  a maximum angle of s lope  of 250. 

I n  each tes t  the electromyogram w a s  recorded 3 times f o r  10 sec: before ,  
dur ing ,  and a f t e r  v e s t i b u l a r  s t imu la t ion .  The EMG data w e r e  processed simul- 
taneous ly  wi th  the t r a c i n g  ( an  i n t e g r a t o r  w a s  used f o r  t h i s  purpose) . 
were recorded i n  the  form of r e l a t i v e  values from t h e  readings of a mechanical 
counter.  The r e s u l t a n t  data w e r e  s t a t i s t i c a l l y  processed by Student  s method. 

They 

The electromyograms of t he  c o n t r o l  animals w e r e  uniform o s c i l l a t i o n s  of 
p o t e n t i a l  w i t h  an amplitude of 10-40 pv. 
showed per iods  of increased  e l e c t r i c  a c t i v i t y  reaching 80-250 pv. 

When the animal w a s  rocked, t h e  EM3 

The a f t e r e f f e c t  of t h e  r e a c t i o n  t o  v e s t i b u l a r  s t imu la t ion  w a s  manifested 
e i t h e r  i n  3 or 4 per iods  of increased  e l e c t r i c  a c t i v i t y  or i n  a genera l  uniform 
inc rease  i n  amplitude of the muscle c u r r e n t s  ( t o  60-120 pv) . The average dura- 
t i o n  of t h e  a f t e r e f f e c t  w a s  0.4-2 sec .  
electromyographic r e a c t i o n  t o  rocking f l u c t u a t e d  between 0.07 and 0.3 sec .  

The length  of t h e  l a t e n t  per iod  of t h e  

Inves t iga t ion  of the experimental rats showed t h a t  t h e i r  genera l  /54 
l e v e l  of muscle b i o e l e c t r i c  a c t i v i t y  both  a t  rest and during t h e  v e s t i b u l a r -  
t o n i c  r e a c t i o n  t o  rocking w a s  much lower than  i n  t h e  c o n t r o l  animals. 

The background muscle e l e c t r i c  a c t i v i t y  ( t h e  animal sat q u i e t l y  i n  the 
chamber) of t h e  experimental rats w a s  less than ha l f  t h a t  of t h e  c o n t r o l s .  
EMG leve led  o u t ,  impulses were r a r e  and the i r  amplitude dropped t o  5-20 pv, 
sometimes even t o  t h e  noise  l e v e l  ( f i g s .  4a and 5 ) .  These EM2 changes were 
s t a t i s t i c a l l y  s i g n i f i c a n t  ( P < o .02).  

The 

During v e s t i b u l a r  s t imu la t ion  (rocking of t h e  animals) t h e  absolu te  level 
of b i o e l e c t r i c  a c t i v i t y  i n  t h e  group of muscles under s tudy  w a s  about 2.5 times 
less i n  the  experimental animals ( f i g .  4b) than  i n  t h e  c o n t r o l s  (P  -= 0.01). 
However , w e  cannot s a f e l y  conclude from t h i s  t h a t  t h e  EZG r eac t ion  t o  rocking 
w a s  weaker because t h e i r  background e l e c t r i c  a c t i v i t y  w a s  less. The d i f f e rence  
i n  r a t i o  of e l e c t r i c  a c t i v i t y  during v e s t i b u l a r  s t imu la t ion  t o  background ac- 
t i v i t y  as between t h e  two groups of animals w a s  s t a t i s t i c a l l y  i n s i g n i f i c a n t  
( P  < 0 . 0 5 6 ) ~  although it tended t o  be less i n  the experimental animals t han  i n  
the  c o n t r o l s .  
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Figure 4. E l e c t r i c  ac t j -v i ty  of muscles a t  rest (a )  
and i n  response t o  adequate s t lmula t ion  of  organ of 
equi l ibr ium (b) - - - fes t ibu lar - ton ic  r e f l ex .  
1 - -cont ro l ;  2--experiment. Ordina te- - in tegra l  
muscle b i o e l e c t r i c  a c t i v i t y  i n  re la t ive  u n i t s .  

Figure 5 .  Electromyograms of muscles i n  hind l e g  of 
animals a t  r e l a t i v e  rest. 
1--experiment; 2--control.  

The l a t e n t  period of t h e  ves t ibu la r - ton ic  r eac t ion  of  t h e  experimental  
animals w a s  much more s i g n i f i c z n t  (P < 0.005)  than i n  the  con t ro l s  ( f i g .  6a). 
The average dura t ion  of t he  l a t e n t  per iod w a s  0.18 and 0.5 sec  f o r  t h e  ex- 
per imental  and con t ro l  rats, respec t ive ly .  I n  2 rats, however, it w a s  so 
long t h a t  i t  could sca rce ly  be determined, because t h e  r eac t ion  w a s  not mani- 
f e s t ed  u n t i l  t he  second or ever- t h i r d  rocking. 

Weakening of t h e  r eac t ion  t o  s t imula t ion  of  t h e  v e s t i b u l a r  organ w a s  
r e f l ec t ed  i n  t h e  experimental  rats not  on ly  i n  a lengthening of  t h e  l a t e n t  
per iod ,  but i n  a marked shor tec ing  of t h e  dura t ion  of the  a f t e r e f f e c t  ( f ig .  
6b). 
sec  (P < 0.02) i n  t h e  con t ro l  and experimental  animals,  respec t ive ly .  Fre- 
quent ly  the  l a t t e r  had no a f t e r e f f e c t  a t  a l l .  Thei r  muscle b i o e l e c t r i c  ac- 
t i v i t y  i n  the  a f t e r e f f e c t  period, l i k e  the  prev ious ly  noted e l e c t r i c  ac-  
t i v i t y  before and during v e s t i b u l a r  s t imula t ion ,  w a s  almost ha l f  t h a t  of  
t he  con t ro l s  (P < 0 . 0 3 ) .  

The a f t e r e f f e c t  of  v e s t i b u l a r  s t imu la t ion  (rocking) averaged 1 and 0.24 

- / 55  
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Figure 6. Duration of l a t e n t  period (a) and a f t e r e f f e c t  
( b )  of ves t ibu lar - ton ic  r e f l e x  of experimental and con- 
trol rats i n  r e l a t i v e  u n i t s .  
1--control ;  2--experiment. 

Thus, i n  rats grown under condi t ions of prolonged d a i l y  exposure t o  ac- 
ce l e ra t ion  i n  a cent r i fuge ,  t he  ves t ibu lar - ton ic  r eac t ion  has important charac- 
t e r i s t i c s .  Electromyographic a c t i v i t y  when they were r e s t i n g  w a s  much lower, 
and t h e i r  r eac t ion  t o  v e s t i b u l a r  s t imula t ion  w a s  appreciably weaker than i n  
the  cont ro ls .  Consequently, prolonged d a i l y  acce le ra t ion  inf luences t h e  grow- 
ing organism and the  funct ioning of the  v e s t i b u l a r  analyzer.  

Inves t iga t ion  of t h e  unconditioned motor reflex, i . e . ,  f unc t iona l  state 
of elements of t he  unconditioned s p i n a l  reflex arc ,  w a s  deemed of g r e a t  value 
i n  analyzing the  coordination of movements and pos tura l - ton ic  r e f l exes  of the  
experimental animals. The threshold of e x c i t & b i l i t y  and l a t e n t  per iod of 
the  defense motor r eac t ion  t o  pa in  were se lec ted  as ind ices  of  t he  f'unc- /56 
t i o n a l  state of t he  s p i n a l  reflex a r c .  The l a t e n t  per iod w a s  recorded ac- 
cura te  t o  0.5 msec by t h e  method described i n  M. A. Kuznetsova's a r t i c l e  (else- 
where i n  t h i s  c o l l e c t i o n ) ,  i n  o rde r  t o  determine t h e  e f f e c t  of acute  whole- 
body gamma i r r a d i a t i o n .  Pa in fu l  e l e c t r i c  s t imula t ion  w a s  e f f ec t ed  by p l a s t i c  
e lec t rodes  placed on t h e  f r o n t  and hind paws of the animal. 

E l e c t r i c  s t imula t ion  w a s  provided by an a l t e r n a t i n g  cur ren t  from a sound 
generator  wi th  a frequency of 100 cps and dura t ion  of 0.03 sec.  Three physio- 
l o g i c a l  i n t e n s i t i e s  of t h e  cur ren t  were used--weak, medium, and strong--equiv- 
a l e n t  t o  3-, 6-, and 10-fold threshold values .  
constant i n t e n s i t i e s  o f . s t imu la t ion ,  the  experiment was designed i n  such a man- 
ner  t h a t  t he  determination of the  l a t e n t  per iod of t he  r eac t ion  t o  t h e  s t imulus 
of a given i n t e n s i t y  w a s  i nva r i ab ly  preceded by the  determination of t h e  thresh-  
o l d .  Accordingly, t h e  following indices  w e r e  determined i n  t h i s  order:  

To ensure phys io logica l ly  

(1) threshold;  

(2) l a t e n t  period of the  reflex t o  the  weak stimulus (3 measurements); 
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(3) threshold;  

(4)  l a t e n t  period o f  t h e  r e f l e x  t o  t h e  r e f l e x  of  medium i n t e n s i t y  (3  meas- 
surements);  

( 5 )  threshold ; /57 
(6) l a t e n t  period of  t h e  r e f l e x  t o  t h e  s t rong  s t imulus (2  measurements). 

The r e s u l t s  of i nves t iga t ing  t h e  defense motor reflex showed t h a t  t he  ex- 
per imental  rats d id  not d i f f e r  from the  con t ro l s  i n  thresholds  of  e x c i t a b i l i t y .  

But the s i t u a t i o n  w a s  d i f f e r e n t  as far as t h e  du ra t ion  o f  t h e  l a t e n t  per iod 
w a s  concerned. There w a s  a s l i g h t  d i f f e rence  between t h e  two groups i n  l eng th  
of t h i s  per iod ( f i g s .  7, 8 and 9).  Although processing t h e  d a t a  by S tudent ' s  
method and by the  X-square c r i t e r i o n  f a i l e d  t o  confirm the  s ign i f i cance  of  t h e  
d i f fe rences ,  y e t  t h e  t rend  of t h e  changes w a s  regular. The l a t e n t  per iod of t he  
r eac t ion  t o  the  weak s t imulus w a s  pe rcep t ib ly  longer  i n  t h e  experimental  rats 
than i n  t h e  con t ro l s  ( f i g .  7).  However, i n  t he  r eac t ions  t o  medium and s t rong  
s t i m u l i ,  t he  experimental  animals tended t o  have a s h o r t e r  l a t e n t  per iod  than 
d id  the  con t ro l s  ( f i g s .  8 and 9 ) .  

It w i l l  b e  noted t h a t  9n t h e  rats used i n  t h e  second series of  experiments, 
when t h e  animals received no food while  being ro t a t ed ,  t h e s e  changes i n  t h e  
l a t e n t  per iod i n  response t o  t h e  medium and s t rong  s t i m u l i  w e r e  less pronounced 
among t h e  experimental  animals than they w e r e  i n  t h e  first series. W e  are in-  
c l ined  t o  a sc r ibe  t h i s  t o  the  f a c t  t h a t  during t h e  f i rs t  series t h e  rats w e r e  
exposed t o  d a i l y  r o t a t i o n  longer  (3 months) than  during t h e  f irst  series ( 2  
months). 

a b 

Figure 7. Duration o f  l a t e n t  per iod  of  unconditioned 
defense r eac t ion  t o  weak s t imulus.  
a--first series of  experiments; b--second series; 
1--control ;  2--experiment. 
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Figure 8. 
defense r eac t ion  t o  st imulus of medium i n t e n s i t y .  
Symbols same as i n  f i g u r e  7. 

Duration of l a t e n t  per iod of unconditioned 

2 1  

a b 

Figure 9. Duration of l a t e n t  per iod of  unconditioned 
defense r eac t ion  t o  s t rong stimulus.  
Symbols same as i n  f i g u r e  7. 

Thus, the  unconditioned defense r eac t ion  i n  the  experimental  rats w a s  
character ized by s l i g h t  lengthening of the l a t e n t  per iod of t h e  r eac t ion  t o  
t h e  weak stimulus and a tendency f o r  it t o  become shor t e r  i n  response t o  the  
medium and s t rong s t imu l i .  

This response of t h e  nervous system i s  presumably r a t i o n a l  and adequate, 
because it is  i n  harmony wi th  the  well-known l a w  of force  i n  t h e  physiology 
of higher  nervous a c t i v i t y .  An animal r e a c t s  slowly t o  a weak, though i m -  
po r t an t ,  s t imulus,  and it r e a c t s  quickly t o  a s i g n i f i c a n t  and s t rong stimulus.  
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The decrease i n  e l e c t r i c  a c t i v i t y  o f  the  muscles, lengthening of  t h e  
l a t e n t  per iod and shortening of  the  a f t e r e f f e c t  of  t h e  r eac t ion  t o  ade- - /58 
quate  v e s t i b u l a r  s t imula t ion  ( i . e . ,  decrease i n  e x c i t a b i l i t y  of  the  
?JestibuLar-tonic r e f l e x )  i n  experimental  animals grown under t h e  condi t ions of  
a heightened background of v e s t i b u l a r  s t imu la t ion  (prolonged d a i l y  r o t a t i o n )  
can i n  a l l  p r o b a b i l i t y  a l s o  be  regarded as a s u i t a b l e  adapt ive r eac t ion  of 
reorganizat ion of t he  nervous system. A comparison of the  r e s u l t s  of  t h e  
.:estibular-tonic and motor defense reflexes shows t h a t  both have an e f f e r e n t  
component i n  common. 

Study of t he  autonomic ind ices  and weight dynamics r evea l s  t h a t  growing 
rats under condi t ions involvin,s prolonged exposure t o  acce le ra t ion  has  a marked 
e f f e c t  on t h e i r  morphogenesis ,and r e a c t i v i t y .  T'ne experimental  animals, ac-  
cording to  our da ta ,  gained weight much more slowly than d id  the  con t ro l s ,  
the  degree of lag being propor t iona l  t o  t h e  i n t e n s i t y  o f  the  ac t ion .  

A s i n g l e  exposure t o  10 g f o r  5 min e l i c i t e d  a r eac t ion  o f  increased 
concentrat ion o f  nones t e r i f i ed  f a t t y  ac ids  i n  t h e  experimental  animals which 
d i f f e red  from t h a t  of  t h e  con t ro l s .  I n  the  former t h e  r e a c t i o n  w a s  slow and 
it  se t  i n  la ter  (Gyurdzhian e t  a l . ,  1963). 

The al imentary f a c t o r  ( d i f f i c u l t i e s  i n  t ak ing  and a s s imi l a t ing  food while  
being ro t a t ed )  played some p a r t  i n  t h e  process .  
being the  only cause,  because a s i m i l a r  p a t t e r n ,  although not as pronounced, 
w a s  a l s o  observed i n  t h e  second series of  experiments i n  which n e i t h e r  t h e  
experimental  animals nor t h e  con t ro l s  received food while  being ro t a t ed .  

However, it w a s  far  from 

Ve do not  have the  information t o  permit  u s  t o  judge whether t he  changes 
noted i n  t h e  experlmental  rats w e r e  adapt ive o r  degenerat ive i n  na ture .  For 
one th ing ,  they continued t o  be j u s t  as v i ab le  as the cont ro ls ,  a f a c t  tha t  
mili tates aga ins t  the  idea  o f  degenerat ive reorganiza t ion  i n  t h e  experimental  
animals. 

However, they  were more a c t i v e  than  t h e  con t ro l s  both during and immedi- 
But t h i s  a t e l y  a f t e r  r o t a t i o n  i n  a large con ta ine r  ( acce le ra t ion  up t o  5 g ) .  

f a c t  cannot be regarded as evidence o f  adapt ive reorganiza t ion  s i n c e  t h e  un- 
expected new st imulus probably acted on t h e  con t ro l  rats as a form of  ex- 
t e r n a l  i n h i b i t i o n  (movements, defeca t ion  and u r i n a t i o n  w e r e  i n h i b i t e d ) .  

The m o r t a l i t y  rate f r o m  b r i e f  exposure t o  l e t h a l  acce le ra t ions  (20-25 g, 
This  i s  5 min), as mentioned before ,  w a s  t h e  same i n  both groups of  animals.  

g ) .  
from the  mechanism of a c t i o n  of l e t h a l  acce le ra t ions  (20-25 g ) .  

not su rp r i s ing  s ince  t h e  rats were exposed t o  w e a k  acce le ra t ions  (2-3 /59 
But the  r eac t ion  t o  these  acce le ra t ions  w a s  q u a l i t a t i v e l y  d i f f e r e n t  

Conclusions 

1. Growing rats under the  condi t ions of  prolonged (5-6 hours) d a i l y  ex- 
posure t o  acce le ra t ions  (2-3 g )  a f f e c t s  the development of t h e  animals. 

47 



2. The inf luence  of g r a v i t a t i o n a l  conditions is  r e f l e c t e d  both on t h e  
vege ta t ive  sphere (weight dynamics, i n t ake  and a s s imi l a t ion  of food, hematopoi- 
esis, e t c . )  and on t h e  animal sphere ( e l e c t r i c  a c t i v i t y  of muscles, ves t ibu la r -  
t on ic  and unconditioned defense r e f l e x e s ) .  

3. It i s  reasonable t o  assume from the  na ture  of t h e  ves t ibu la r - ton ic  and 
unconditioned defense r e f l exes  of experimental rats exposed t o  acce le ra t ion  t h a t  
adaptive recons t ruc t ion  develops i n  t h e  animal sphere, which i s  adequate f o r  
t h e  environmental conditions.  

W e  express our  thanks t o  N. N. L ivsh i t s ,  0. G. Gazenko, and P. V. Vas i l 'yev  
for t h e i r  valuable advice and he lp  i n  t h i s  work. 



EFFECT OF VIBRATION ON TRE NERVOUS SYSTEM 

L. D. Luk'yanova 

ABSTRACT 

Based on the  l i t e r a t u r e  and personal  i nves t iga t ions ,  
The author  shows t h e  e f f e c t  o f  l o c a l  and t o t a l ,  single and 
chronic v ib ra t ion  on t h e  state o f  t h e  pe r iphe ra l  and cen- 
t r a l  nevous systems. The problem of  t h e  mechanism of  v i -  
b ra t ion  e f f e c t  on the  l i v i n g  body i s  considered. A gener- 
a l i z i n g  scheme of  v i s r a t i o n  inf luence  on t h e  nervous sys- 
t e m  i s  suggested. This  scheme revea l s  t h e  p o s s i b i l i t y  o f  
formation of  t he  regions of s teady  e x c i t a t i o n  i n  the  s p i -  
n a l  cord and t h e  hig'ner p a r t s  of t he  c e n t r a l  nervous 
system. 

Vibrat ion i s  one of  those  e x t e r n a l  agents  whose e f f e c t s  are c l o s e l y  
inter twined with those  r e s u l t i n g  from extero- ,  p ropr io- ,  and in t e rocep to r  
s t imula t ion .  Prolonged contac t  w i th  t h e  sources of  v ib ra t ion  i s  known t o  g ive  
rise t o  the  se r ious  d i so rde r  c.iLled v ib ra t ion  d i sease .  

Vibrat ion has a powerful (2ffect on animals and human beings,  whether they  
zre exposed t o  it b r i e f l y  or over  a long per iod  of  t i m e .  Now t h a t  human beings 
are exposed t o  i t  i n  indus t ry  and during space f l i g h t ,  p reserva t ion  o f  t h e  ef- 
f i c i e n c y  of t h e  var ious d i v i s i x s  of  t he  c e n t r a l  nervous system i s  a matter of  
primary importance. Therefore,  a thorough s tudy of  t h e  r eac t ions  a r i s i n g  as 
a f t e r e f f e c t s  of  v ib ra t ion  and the  e f f e c t  o f  t hese  f a c t o r s  on t h e  CNS i s  
e s s e n t i a l .  

The phys ica l  parameters of v ib ra t ion  are frequency, amplitude, rate and 
acce lera t ion .  The p r i n c i p a l  e t i o l o g i c a l  f a c t o r  i n  v ib ra t ion  d i sease ,  accord- 
ing  t o  most i nves t iga to r s ,  i s  frequency. However, v ib ra t ions  wi th  a low fre- 
quency (less than  16 cps)  are usua l ly  charac te r ized  by acce le ra t ion .  
manifested t h e  s p e c i f i c  r e a c t i m  of  t h e  v e s t i b u l a r  apparatus and mechanical d i s -  
placement of the  v i sce ra ,  which s t imu la t e  numerous receptors .  

Herein is 

Vibrat ions are now t e n t a t i v e l y  divided i n t o  two frequency ranges: up t o  
16-20 cps and from 16-20 t o  250 cps or more. 
from the  work o f  Y e .  Ts. Andreyeva-Galanina and V. G .  Artamonova (1963) , and 
it g ives  an idea  of  t he  e f f e c t  of  var ious frequency s p e c t r a  of mechanical v i -  
b ra t ions  on t h e  body. 

The fol lowing composite t a b l e  i s  
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BIOLOGICAL EFFECT OF MECHANICAL VIBRATIONS ON THE BODY - /61 
(arFter Y e .  Ts. Andreyeva-Galanina) 

Frequency of v ib ra t ions ,  cps 
0 

Region of in f rasonic  f requencies  : 

UP t o  15 

up t o  25 

up t o  35 

Region of sonic  f requencies:  

50 

250 

Region of u l t r a son ic  f requencies  : 

16,000 and higher 

Nature of e f f e c t  

Acts by acce lera t ion .  Causes d isp lace-  
ment of t he  body organs and reac t ion  of 
ves t ibu la r  apparatus.  

S t i l l  perceived as separate  impulses. 
Bone and j o i n t  changes. 

Discrimination of t o n a l i t y ;  ind iv idua l  
symptoms of v ib ra t ion  d isease  appear, 
spasm s t i l l  rase .  

Vibrat ion d isease  with angiospasm. 

L i m i t  of vasospasm formation, p o s s i b i l -  
i t y  of v ib ra t ion  d isease  apparently ex- 
c luded . 

Conversion of mechanical energy i n t o  
thermal; b a c t e r i c i d a l  e f f e c t ,  cav i t a t ion ,  
e f f e c t  on CNS, e t c .  

This d iv i s ion  i s  based on t h e  p r inc ipa l  symptom of the  disease--neurovas- 
c u l m  spasa,  which i s  cha i -ac te r i s t ic  of the  second or sonic group of frequen- 
c i e s  (Guillemin and Wecksberg, 1933). However, within t h i s  region t h e  e f f e c t  
of v ib ra t ion  of d i f f e r e n t  parameters a l so  va r i e s .  For example, most cases  of 
vasospasm arise, according t o  Ye. T s .  Andreyeva-Galanina, a t  a frequency of 100 
cps.  On e i t h e r  s ide  of t h i s  frequency spasms are r a r e r .  The optimum condi- 
t i o n s  f o r  t h e  development of other  dis turbances seem t o  vary from case t o  case.  
For example, a f t e r  recording the  e l e c t r i c  a c t i v i t y  of t he  b r a i n  and muscles, 
severa l  authors  showed t h a t  t he  e f f e c t  of s t imulat ion increases ,  achieving a 
m a x i m u m  at a frequency of 50 cps (Terent 'yev,  1 9 9 ;  Donskaya and Stoma, 1960; 
Rumyantsev, 1960; Volkov e t  a l . ,  1960). The e f f e c t  i s  somewhat less i n  t h e  90- 
100 cps range (Rumyantsev, 1960), whereas with frequencies  of 250-300 cps 
changes i n  t h e  above parameters a re  i n d i s t i n c t .  D a t a  on the  e f f e c t  of v ibra-  
t i o n  with frequencies  above 250-300 cps are somewhat cont rad ic tory ,  apparent ly  
because s tud ie s  on t h e  subjec t  have been f e w  i n  number. Nevertheless,  these 
frequencies  a re  bel ieved t o  cause vasospasm, although not too pronounced 
(Malinskaya, 1962; o the r s )  . /62 



CcJnsiderable s ign i f i cance  has been a t tached  of late t o  t h e  phys ica l  char-  
a c t e r i s t i c s  of t h e  amplitude. I n t e n s i f i c a t i o n  of t h e  response i s  gene ra l ly  
propor t iona l  t o  t h e  increase  i n  amplitude of t h e  v ib ra t ion .  I t  w i l l  be noted 
t h a t  t he  development of a pat l iological  process depends not only on t h e  f r e -  
quency and amplitude c h a r a c t e r i s t i c s  of t he  v i b r a t i o n ,  but  on i t s  dura t ion .  
Brief exposure t o  v i b r a t i o n  does no t ,  as a r u l e ,  cause i r r e v e r s i b l e  changes. 
The present-day forms of v ib ra t ion  d isease  r e s u l t  from chronic contac t  with the  
irritant over a per iod of s eve ra l  months or even years .  The s i t e  and area of 
exposure are a l s o  s i g n i f i c a n t  i n  t h e  o r i g i n  of t he  d i sease .  It is  now poss ib le  
t o  d i f f e r e n t i a t e  between l r loca l l l  and "general" v ib ra t ion .  

Involvement of the  vascu:-ar system w a s  a t  f i r s t  regarded as t h e  dominant 
symptom of the  disease (Aronovich, 1926; Kryshova, 1929; Antonovskiy a n d  
Krichevskiy, 1929; Kostyukova,, 1932; Tel ford ,  McCanne and McCormack, 1345) . 
Rence the  name of t he  d isease  f o r  a long t i m e  r e f l e c t e d  the  nature  of t h e  vas-  
c u l a r  d i so rde r s  (analogs are Raynaud's d i sease ,  "vasospast ic  d i sease  of t he  
hands due t o  trauma,' ' e t c . )  . 

However, f u l l e r  desc r ip t ions  include among t h e  symptoms, bes ides  changes 
i n  vascular  tone,  impairment of s e n s i t i v i t y ,  trophism, sec re t ion ,  e t c .  
(Vaynshteyn, 1937). Impairment of t h e  autonomic func t ions  is more than  l o c a l ,  
f o r  it af 'fects s e v e r a l  organs and systems (Gratsianskaya, 1947; Drogichina and 
Kozlov, 1957; Sozon-Yaroshevich;l Shamardina, 1959) . 

I n  most cases ,  t hese  symptoms are apparent ly  due not  only t o  the  d i r e c t  
mechanical e f f e c t  of r ecep to r  s t imula t ion ,  bu t  t o  r e f l e x e s .  

For example, even though a l imi t ed  po r t ion  of t he  body i s  exposed t o  
v ib ra t ion ,  t he  e f f e c t  on vascular  tone i s  genera l ized  (Shamardina, 1959; 
Abramovich-Polyakov, 1962) . Loecle (1930) found t h a t  t h e  p o p l i t e a l  tendon re- 
f l e x  w a s  i nh ib i t ed  by exposure of t h e  inguina l  vascular  nodes t o  v ib ra t ion .  
S imi la r  ac t ion  on t h e  femoral a r t e r y  a l s o  completely i n h i b i t e d  t h e  r e f l e x ,  b u t  
ac t ion  on the  a r t e r y  separa ted  from t h e  nerves d i d  not  have t h i s  e f f e c t .  

The e f f e c t s  on pain s e n s i t i v i t y  are a l s o  d i f f u s e  , f o r  they  may e m -  /63 
brace t h e  e n t i r e  sur face  of t h e  f i n g e r s ,  hands and forearm. Symptoms of t h e  
pronounced form of v t b r a t i o n  s ickness  a l s o  include d i so rde r s  of the  segnenta l  
type--segments C2 - D 8  ( c l i n i c a l  data; Artamonova, 1963). 

Reflex changes a r i s i n g  i n  g a s t r i c  and i n t e s t i n a l  func t ion  a f t e r  exposure 
t o  v ib ra t ion  were descr ibed by V .  P. Ryumin (1950) and V .  G. Artamonova (1960). 
Pa thologica l  changes i n  the  stomach involve impairment of m o t i l i t y  and sec re -  
t i o n ,  sometimes assoc ia ted  with mucosal changes. 

These and a hos t  of o the r  changes, t he  l i s t  of which i s  ex tens ive ,  take 
place aga ins t  a background of marked f u n c t i o n a l  d i so rde r s .  The earliest inves-  
t i g a t o r s  of t h e  l o c a l  a c t i o n  of v i b r a t i o n  noted t h e  development of s l eep iness ,  

'Cited from Y e .  Ts .  Andreyeva-Galanina, 1956. 



which continued even after t h e  ac t ion  w a s  ha l t ed  (Chigayev, 1894; 
Bor ishpol ' sk iy ,  1898). 
t i o n ,  Borishpol '  sk iy  found decreased e x c i t a b i l i t y  of t h e  cortex and nerve 
trunks and changes i n  blood c i r c u l a t i o n ,  e spec ia l ly  pronounced after 5-6 
sess ions .  

Subject ing the  head of animals t o  10-15 min of v ibra-  

L a t e r  inves t iga tors  encountered the phenomenon of i n h i b i t i o n  i n  the  cere-  
bral cor tex  (Breytman, 1908; Nauman, 1914; Kerman, 1940; Lebedeva, 1953). 
Lebedeva w a s  able t o  show t h a t  the s l eep  of rats exposed t o  v ib ra t ion  for sev- 
eral hours w a s  so  deep, t h a t  t h e  animals could be t r a n s f e r r e d  t o  another cham- 
ber without waking t h e m .  

A.  Y e .  Shcherbak (1903),  exposing the  knee-joint  region of r a b b i t s  t o  
v ib ra t ion ,  observed an increase i n  the  p a t e l l a r  r e f l e x ,  func t iona l  clonus of 
the knee when tapped and i n  passive movement and f o o t  clonus. The length of' 
the l a t e n t  period w a s  shortened. Following prolonged v ib ra t ion ,  s p a s t i c  tremor 
l a s t e d  20 days,  with an increase i n  the p a t e l l a r  r e f l e x  p e r s i s t i n g  even after a 
month. 

Vibrat ions appl ied t o  t he  ends of t he  femur with a r t i f i c i a l  f r a c t u r e  
caused clonus i n  the i n t a c t  l e g  and l e d  Shcherbak t o  conclude t h a t  t he  phenome- 
non w a s  of c e n t r a l  o r i g i n .  

Local v ibra t ion  appl ied i n  t h e  region of the f o o t  and sh in  i n t e n s i f i e d  the  
deep r e f l exes .  Repeated v ib ra t ion  strengthened, while a s ing le  and b r i e f  expo- 
sure weakened and even destroyed t h e m .  

0 .  L .  Ledeneva (1936) observed a similar increase i n  r e f l exes  after re- 
peated v ib ra t ion  of the symphyseal region.  

I n  later s tud ie s  (1907-1908) Shcherbak showed that the  p a t e l l a r  re- /64 
f l e x e s  sometimes do not  appear after v ib ra t ion  i n  t h e  j o i n t  region i n  the  pres -  
ence of even high e x c i t a b i l i t y ,  apparent ly  because of t he  developing inh ib i t i on  
induced by extrene s t imulat ion.  Along with an increase i n  the deep r e f l exes ,  
Shcherbak observed a p e r s i s t e n t  decrease i n  t h e  sk in  r e f l e x e s ,  sometimes t o  the 
poin t  of complete disappearance. 

The appl ica t ion  of b r i e f  l o c a l  v ib ra t ion  (once every 3 hours or for an 
hour da i ly )  t o  t h e  paw of rabbits had the following e f f e c t .  Simple contac t  
w i t h  the end of the f o o t  after seve ra l  sess ions  of v ibra t ion  caused f o o t  clonus 
i n  e i t h e r  the touched or untouched l e g  or i n  both (Minetskiy, 1960).  

Study of t h e  l a t en t  per iod of t h e  conditioned motor r e f l e x  i n  p a t i e n t s  
w i t h  v ib ra t ion  disease revealed t h e  ex is tence  of severe f u n c t i o n a l  d i sorders  
w i t h  e x c i t a t i o n  predominating. G .  I .  Zuyev (1960) and D .  A. Ginzburg and A. B.  
Cheremnykh (1961) found a decrease i n  t h e  alpha index, somztimes no alpha ac- 
t i v i t y  i n  the  recording, and predominance of low-amplitude beta rhythms i n  all 
l eads .  The EEG changes were c h i e f l y  func t iona l  i n  charac te r .  

Y e .  T s .  Andreyeva-Galanina (1956) refers t o  A. Y a .  Sozon-Yaroshevich, who 
conjectured t h a t  s tagnant  f o c i  of exc i t a t ion  (parabois i s )  and p ro tec t ive  
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i n h i b i t i o n  of the "v ib ra t ion  centers"  of the b r a i n  arise i n  the s p i n a l  cord un- 
der t h e  inf luence of v ib ra t ion .  

D, K, Abramovich-PolyakoTr ( 1962) provided c l i n i c a l  confirmation of t h e  
state of parabios is  i n  the  centers  regula t ing  a r t e r i a l  p ressure  and vascular  
tone i n  v ib ra t ion  d i sease .  However, t he  s p a s t i c  r eac t ion  of t h e  blood vesse l s  
is  caused by parabios is  i n  boch the pe r iphe ra l  and c e n t r a l  nervous systems. 
The development of a pa rab io t i c  focus i n  the lateral horns of the s p i n a l  cord,  
according t o  Sozon-Yaroshevich (1956) , a l s o  accounts f o r  t he  degenerat ive 
changes noted i n  the  bones of t he  ex t r emi t i e s .  

Inves t iga t ion  of t h e  func t iona l  state of the  neuromuscular apparatus of 
persons su f fe r ing  from v ib ra t ion  disease revealed increased e x c i t a b i l i t y ,  
change i n  l a b i l i t y  and development of pa rab ios i s  (Drogichina,  1962). 

The development of muscular a t rophy and c ont rac tures  are a t t r i b u t e d  by 
many authors  t o  t h e  formation of s tagnant  f o c i  of e x c i t a t i o n  i n  t h e  s p i n a l  cord 
cen te r s  under the inf luence of a constant  inflow of impulses from in ju red  sen- 
sory  nerves (Butkovskaya, 1977; Pavlova, 1958; Vozhzhova and Lebedeva, 1960; 
Malinskaya, 1962; Artamonova and Stoma, 1963). 

I t  fol lows from the foregoing t h a t  l o c a l  v i b r a t i o n  may cause a severe sys-  
temic disease aga ins t  a background of func t iona l  d i so rde r s  of t he  c e n t r a l  
nervous system. 

The earliest symptoms of a pa thologica l  process are increased e x c i t a -  /65 
b i l i t y  i n  the  a f f e r e n t  p a r t  of the r e f l e x  a r c  and paranecrosis  i n  the per iphery.  
A s  t h e  d i sease  progresses ,  t he  second and t h i r d  phases of pa rabo i s i s  take p lace  
i n  the  pe r iphe ra l  l i n k s  and cen te r s  with no s igns  of ascending nerve i n j u r y  or 
l o c a l  degeneration. 

However, i r r e v e r s i b l e  changes are q u i t e  rare, and then  only after 
prolonged ( seve ra l  yea r s )  contac t  w i t h  v ib ra t ion .  

"General" v ib ra t ion  has a much more powerful e f f e c t  on the  c e n t r a l  nervaus 
system. Pa tholcg ica l  changes may develop even after a s i n g l e  exposure. 

For example, N .  I .  G a l a t  (1958, 1960) found t h a t  unconditioned r e f l e x e s  
were i n h i b i t e d  i n  p a t i e n t s ,  as shown by a lengthening of the t i m e  of r e f  l e x  de- 
velopment of muscular con t r ac t ion  and decrease i n  i n t e n s i t y  of t he  re f  lexes  
during 3-40 min of gene ra l  v i b r a t i o n .  These phenomena w e r e  i n t e n s i f i e d  as t h e  
length of exposure w a s  increaszd.  The r e f l e x e s  w e r e  r e s to red  13-20 min after 
v ib ra t ion  w a s  halted.  The author  a sc r ibes  these  changes t o  a lowering of CNS 
e x c i t a b i l i t y  on the assumption tha t  t h e  irradiated i n h i b i t o r y  process may o r i g -  
i n a t e  the re .  It  i s  i n t e r e s t i n g  t o  note  tha t  repea ted  f r a c t i o n a l  v i b r a t i o n  pro- 
duced fewer changes than  d i d  s i n g l e  prolonged v ib ra t ion .  This phenomenon i s  
apparent ly  due t o  a c t i v a t i o n  of t h e  r e s t o r a t i v e  processes i n  t h e  i n t e r v a l s  be- 
tween s t imu la t ion ,  which preve-.it the  nerve c e l l s  from becoming exhausted. 

M .  A .  Kuznetsova (compare her a r t i c l e  i n  t h i s  c o l l e c t i o n )  found t h a t  v ibra-  
t i o n  s t imula ted  the development of pa rab io t i c  phases i n  t h e  f u n c t i o n a l  state of 



t h e  r e f l e x  a r c  of t he  pass ive  defense motor r e f l e x .  These phases w e r e  s i m i l a r  
t o  those  which appear i n  t h e  higher d iv i s ions  of t he  CNS i n  experimental neu- 
roses  and under the  inf luence  of various phys ica l  and chemical agents.  

S imi la r  r e s u l t s  were obtained by V .  G.  Terent 'yev (1958). Using v i b r a t i o n  
wi th  a frequency of 10-70 cps,  he a l s o  observed t h e  onse t  of genera l  i n h i b i t i o n  
i n  d i r e c t  r e l a t i o n  t o  the phys ica l  parameters of t h e  v ib ra t ion .  The la t ter  
weakened c o r t i c a l  a c t i v i t y  and gave r ise t o  phasic states and d i f f u s e  pro tec-  
t i v e  i n h i b i t i o n ,  impairing meanwhile c o r t i c a l - s u b c o r t i c a l  r e l a t i o n s .  The ac- 
t i v i t y  of t h e  s u b c o r t i c a l  cen te r s  w a s  e i t h e r  i n t e n s i f i e d  or weakened (d isappear -  
ance of unconditioned vascular  r e f l e x e s ) .  
Caffeine r e s t o r e d  normal c o r t i c a l  a c t i v i t y  and c o r t i c a l - s u b c o r t i c a l  r e l a t i o n s .  
In view of t h e  e x c i t i n g  e f f e c t  of t h i s  agent on t h e  ce reb ra l  co r t ex ,  t h e  
author assumes tha t  t h e  c e r e b r a l  cor tex  he re  p lays  a r egu la to ry  r o l e  i n  execu- 
t i o n  of t h e  r e f l e x e s  t o  v ib ra t ion .  The f u n c t i o n a l  s t a t e  of t h e  s p i n a l  cord 
changed ( e  .g. , decrease i n  tendon r e f l e x e s  of the ex t r emi t i e s )  . 

Sometimes it w a s  unbalanced. 

/66 

The EEG p i c t u r e  a f t e r  s t rong  v ib ra t ion  confirmed t h e  presence of i nh ib i -  
t i o n  i n  t h e  CNS . 

Using approximately the  s a m e  parameters (frequency of v i b r a t i o n  25 and 50 
cps , t i m e  of s t imu la t ion  2-4 hours) , S.  I .  Karchmazh (1962) found t h a t  t h e  
l a t e n t  per iod of t he  condi t ioned motor-food r e f l e x  i n  rats increased, u n t i l  t he  
r e f l e x  disappeared e n t i r e l y .  There w e r e  no t r a n s i t i o n a l  phasic states ( d i f f e r -  
e n t i a t i o n s  p e r s i s t e d  as d id  the  r e l a t i o n s h i p  between t h e  v i b r a t i o n  parameters 
and i n t e n s i t y  of t h e  an imal ' s  response) .  A l l  t h i s  suggests d i s rup t ion  of t h e  
balance between the main c o r t i c a l  processes of e x c i t a t i o n  and i n h i b i t i o n  a f t e r  
exposure t o  a s t rong  stimulus r e s u l t i n g  i n  f a t i g u e  of t h e  c o r t i c a l  c e l l s  and 
development of p r o t e c t i v e  i n h i b i t i o n .  According t o  the au thor ,  t h e  onse t  of 
t h i s  process and i t s  disappearance after t h e  h a l t i n g  of v i b r a t i o n  take place  
quickly.  

The e f f e c t  of v i b r a t i o n  on condi t ioned a c t i v i t y ,  as shown by t h e  i n v e s t i -  
ga t ion  of N .  N .  L i v s h i t s  (compare h i s  a r t i c l e  i n  t h i s  c o l l e c t i o n )  w a s  more d i s -  
t i n c t  (frequency of v i b r a t i o n  70 cps,  t i m e  of s t imu la t ion  15 min).  
an immediate loss  of r e f l e x e s  and appearance of paradoxica l  phases. This state 
of p r o t e c t i v e  i n h i b i t i o n  p e r s i s t e d  f o r  s e v e r a l  days and, i n  some animals, even 
i n t e n s i f i e d .  

There w a s  

Funct ional  impairment of the CNS w a s  observed i n  a study of the i n t e r a c -  

General v ib ra t ion  of 30 and 50 cps weakened t h e  i n t e r a c -  
t i o n  of various ana lyzers  (Butkovskaya, 1957; Andreyeva-Galanina and 
Butkovskaya, 1960). 
t i o n  of t h e  o l f a c t o r y  and v e s t i b u l a r  apparatuses and sometimes completely d i s -  
t o r t e d  t h e  r e a c t i o n .  

Highly i n t e r e s t i n g  d a t a  were obtained i n  an i n v e s t i g a t i o n  of b r a i n  b io -  
e l e c t r i c  a c t i v i t y  i n  man during and after v i b r a t i o n  (Volkov e t  a l . ,  1969). 
One-hour v i b r a t i o n  wi th  a frequency of 50 cps gave r ise  t o  e x a l t a t i o n  of t h e  
alpha rhythm i n  t h e  temporal co r t ex ,  followed by depression i n  t h e  temporo- 
o c c i p i t a l  and temporofrontal reg ions .  I n  some ins tances  t h e  r eac t ion  w a s  i n  
t h e  r eve r se  d i r e c t i o n .  All t h i s  suggests t h e  presence of a pa rab io t i c  phase. 
A t  t i m e s  s i gns  of ove rexc i t a t ion  were d i s c e r n i b l e .  Thus ,cos t ica l  b i o e l e c t r i c  
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a c t i v i t y  following t h i s  kind of v ib ra t ion  i s  ind ica t ive  of gradual,  deep in-f67 - 
h i b i t i o n  involving the  subcortex as w e l l .  The l a t te r  i s  nani fes ted  i n  a block- 
ing  of the  vestibular-autonomic r e f l exes ,  a phenomenon responsible  f o r  t h e  sca r -  
c i t y  of  func t iona l  changes i n  t h e  cardiovascular  system, drop i n  pulse  pressure,  
2nd a l t e r a t i o n  of v e s t i b u l a r  chronaxie with a tendency toward d i s t o r t i o n  of  the 
i n t e n s i t y  r e l a t i o n s .  

A c o r t i c a l  block by c h l o r a l  hydrate after a shortening of v e s t i b u l a r  
chronaxie r e s u l t e d  i n  d i s i n h i b i t i o n  of the vestibular-autonomic re f  lexes  and 
more d r a s t i c  changes i n  t he  cardiovascular  system. The authors  mention t h e  
s i g n i f i c a n t  f a c t  t h a t  the a l t e r e d  EEG showed s igns  t h a t  some of the c o r t i c a l  
zones were depressed ( aud i to ry  region--lowering of the threshold  of hear ing)  
and t h a t  o the r  regions (motor) w e r e  charac te r ized  by s tagnant  phenomena. 

L .  D .  Luk'yanova, after studying changes i n  oxygen consumption by  b r a i n  
t i s s u e  during and after v i b r a t i o n ,  came t o  a s i m i l a r  conclusion. She ascr ibed  
the  t h r e e  successive phases ( increased  oxygen consumption, decreased oxygen 
consumption and r e s t o r a t i o n  per iod)  t o  a focus of p ro tec t ive  i n h i b i t i o n  a r i s i n g  
in  t h e  higher  d iv i s ions  of t he  b r a i n  as a r e s u l t  of overexc i ta t ion  of t he  nerve 
c e l l s .  A s  i n  her earlier work, she observed t h a t  v i b r a t i o n  has a va r i ab le  ef-  
f e c t  on d i f f e r e n t  d iv i s ions  of the b r a i n .  

Thus, most of the authors  who inves t iga t ed  the e f f e c t  of brief v ib ra t ion  
on t h e  nervous system favor  the view t h a t  a focus of p ro tec t ive  i n h i b i t i o n  de- 
velops i n  the  b ra in  following ove rexc i t a t ion  of the nerve c e l l s .  

The e f f e c t  of v ib ra t ion  on t h e  systems respons ib le  f o r  ad jus t ing  body 
pos i t i on  and movements i s  assigned a s p e c i a l  r o l e  i n  the  development of a path- 
o log ica l  state i n  the  higher  d iv i s ions  of the b r a i n .  

G .  I .  Rumyantsev (1960) observed the  formation of s tagnant  f o c i  of e x c i t a -  
t i o n  with t h e i r  tendency t o  concentrate  i n  t h e  motor and acous t ic  zones, along 
with increased e x c i t a b i l i t y  of the  v e s t i b u l a r  nerve.  I .  Y a .  Borshchevskiy 
e t  a l .  (1958) and V .  R .  Usenko (1961) stress t h e  increase  i n  r e a c t i v i t y  of the  
- ses t ibu lar  apparatus .  E .  A.  Drogichina and N .  B .  Metlina (1962), V .  R .  Usenko 
(1961) , and Y a .  S. Temkin and F .  S .  Kublanova (1960) note  the occurrence of 
ves t ibu la r  d i so rde r s  as a r e s u l t  of v ib ra t ion ,  e .g . ,  ve r t igo ,  reduced e x c i t a -  
b i l i t y  of t he  l abyr in th ,  t o t a l  or p a r t i a l  l o s s  of the r ap id  component of 
nystagmus, disharmonic r e a c t i v e  movements, e t c  . The authors  relate these  phe- 
nomena not so  much t o  dis turbances i n  the  pe r iphe ra l  l ab ry in th  as t o  changes i n  
t h e  c e n t r a l  pathways of the  v e s t i b u l a r  nerve and i ts  connections w i t h  o the r  
nerves.  I n  most cases  the d i so rde r s  are a s soc ia t ed  w i t h  o ther  l e s ions  of /58 
t he  c e n t r a l  nervous system, although they  are o f t e n  the i n i t i a l  symptoms of 
v ib ra t ion  d i sease .  

- 

References t o  the f a c t  t h a t  v i b r a t i o n  of c e r t a i n  parameters a c t s  on the  
organism c h i e f l y  through t h e  v e s t i b u l a r  apparatus  may be found i n  the s t u d i e s  
of V .  P.  Zagryadskiy ( 1957) and M. R .  Mogendovich (1961). 
Apanasenko (compare h i s  a r t i c l e  i n  t h i s  co l l ec t ion )  showed t h a t  v i b r a t i o n  may 
give rise t o  func t iona l  changes loca l i zed  i n  the v e s t i b u l a r  and motor analyzers .  
In the  former,  changes occur i n  the l a t e n t  per iod  and dura t ion  of t h e  after-  
e f f e c t  of the ves t ibu la r - ton ic  Teaction; i n  the  l a t te r ,  changes occur i n  

And, f i n a l l y ,  Z .  I. 



spontaneous b i o e l e c t r i c  a c t i v i t y  while at r e l a t i v e  rest .  
f a i r l y  p e r s i s t e n t  e x c i t a t i o n ,  a process sus ta ined  i n  these  systems f o r  severa l  
days after exposure. 

These changes r e f l e c t  

The phenomena t h a t  arise after one or more exposures t o  genera l  e x c i t a t i o n  
a re  cumulative and r e s u l t  i n  an extremely severe progressive disease of the  
c e n t r a l  nervous system, the cerebral form of v ib ra t ion  disease. The main symp- 
toms of t h i s  d i sease  a r e  loca l ized  vascular  dis turbances i n  the b a s a l  por t ions  
of t h e  b ra in  and i ts  meninges ( t h e  e a r l i e s t  changes), func t iona l  neurodynamic 
dis turbances of c o r t i c a l - s u b c o r t i c a l  a c t i v i t y ,  s igns of involvement of t h e  d i -  
encephalon, t i n y  sca t t e red  f o c a l  symptoms (angiospasm of t h e  s m a l l  blood ves-  
sels, e t c  .) , autonomic po lyneur i t i s ,  and degenerative changes i n  the  s k e l e t a l  
bones (Mel'kumova, 1960).  
i s  pa ra l l e l ed  by changes i n  higher  nervous a c t i v i t y  r e f l e c t e d  i n  the  following 
(Andrianov, 1.960; Borshchevskiy e t  a l . ,  1958a, 1958b; Butkovskaya and 
Koryukayev, 1963; Rumyantsev, 1960; Zuyev, 1960): 

The unfolding of the  c l i n i c a l  p i c t u r e  of t h e  d isease  

(1) change i n  t h e  co r rec t  co r re l a t ion  of i n t e n s i t y  and mobili ty of t he  
p r i n c i p a l  nerve processes,  pa thologica l  sluggishness of the s t imulatory process 
upon reduction of t he  f o r c e  o r  t he  i n h i b i t o r y  process {ac t ive  i n h i b i t i o n )  ; 

( 2 )  development of phasic s t a t e s ;  

( 3 )  impairment of induct icn r e l a t i o n s  between the  cortex and subjacent 
d iv is ions  of the b r a i n ,  weakening of c o r t i c a l  a c t i v i t y  upon d i s i n h i b i t i o n  of 
t he  subcortex; 

( 4 )  d i s rup t ion  of the i n t e r a c t i o n  of the s igna l ing  systems. 

The process i s  c l e a r l y  organic and r eve r s ib l e  only in  t h e  e a r l i e s t  stages. 
It is later assoc ia ted  w i t h  f o c a l  ce reb ra l  microsymptoms. It follows a severe 

higher nervous a c t i v i t y  cannot be regarded as a manifestat ion of a neurosis  i n  
the  Pavlovian sense of the term. A decrease i n  the i n t e n s i t y  of ac t ive  i n t e r -  
n a l  i n h i b i t i o n  i n  t h e  cortex i s  the  f i r s t  disturbance associated with t h e  i n i -  
t i a l  s tage  of the  c l i n i c a l  p i c t u r e .  This process i s  the  youngest phylogeneti-  
c a l l y  and i s ,  theref  o re ,  qu i t e  b r i t t l e .  The subcortex becomes d i s inh ib i t ed ,  
owing t o  the  loss  of tone by the most r eac t ive  port ion of t he  c e n t r a l  nervous 
system ( c e r e b r a l  co r t ex ) .  Only then i s  the i n t e n s i t y  of t h e  exc i to ry  process 
a f fec ted  (second stage). 
higher d iv i s ions  of t h e  c e n t r a l  nervous system a t  t h e  height  of the diaease--  
psychosensory d isorders  i n  the form of v i s u a l  and audi tory  ha l luc ina t ions .  
However, it i s  not a mental disease ( th i rd  s t a g e ) .  

course and does no t  respond t o  therapy. That i s  why these  d isorders  of /69 

Deep pathophysiological changes take place i n  t h e  

Electrophysiologic a1 inves t iga t ions  of p a t i e n t s  with v ib ra t ion  disease 

The f i r s t  stage is marked by 
also r evea l  t h a t  t h ree  nonspecific bu t  c h a r a c t e r i s t i c  mG changes take place i n  
succession (Shpi l 'berg  and Mel'kumova, 1960). 
synchronization of the  alpha rhythm, a s ign  of parabio t ic  influence of t he  sub- 
c o r t i c a l  formations on the weakened ce reb ra l  cor tex.  A more severe c l i n i c a l  
p i c tu re  i s  assoc ia ted  with the development of slow waves (second stage). 
F i n a l l y ,  there i s  an unstable  bu t  increas ingly  p e r s i s t e n t  desynchronization of 



t h e  rhythms, which ind ica t e s  a weakening of t he  synchronizing mechanism of t h e  
b r a i n s t e m  r e t i c u l a r  system and permanent focus of e x c i t a t i o n  i n  the c e r e b r a l  
cor tex ( t h i r d  stage). 

The o r i g i n a l  state of the c e n t r a l  nervous system as w e l l  as the indiv idua l  
c h a r a c t e r i s t i c s  of the organism and type of higher  nervous a c t i v i t y  p l ay  a 
ma,jor r o l e  both i n  the development of v i b r a t i o n  disease and i n  the response t o  
a s i n g l e  exposure t o  v i b r a t i o n  (Usenko, 1961; S i r o t i n a  and Kharicheva, 1.939; 
Shpi l 'berg ,  1962; L i v s h i t s  , i n  t h i s  c o l l e c t i o n ;  Kuznetsova, i n  t h i s  c o l l e c t i o n ) .  
I t  i s  evident  from the  foregoing that l o c a l ,  genera l  s i n g l e ,  and chronic  expo- 
sure  t o  v ib ra t ion  r e s u l t  i n  d i s t i n c t  CNS d i so rde r s .  However, a f t e r  l o c a l  
v ib ra t ion  the f i r s t  t o  s u f f e r  seem t o  be the  nerve endings and conductors,  
s p i n a l  cord,  and sympathetic gangl ia  (Vaynshteyn, 1937; Gratsianskaya, 1947; 
o t h e r s ) .  After genera l  v i b r a t i o n  the f i r s t  t o  be pa thologica l ly  a f f e c t e d  are 
the  higher  d iv i s ions  of the  CNS, the  process being of the "neurosis" type.  A 
s ing le  exposure t o  v i b r a t i o n  can produce these changes, b u t  the development of 

' 

v ib ra t ion  disease i s  poss ib l e  only d t e r  prolonged chronic exposure. /7c) 
This gives  rise t o  t h e  quest ion of whether t h e r e  can be adapta t ion  t o  

v ib ra t ion .  Some authors  (Andreyeva-Galanina and Butkovskaya, 1960) answer i n  
t h e  a f f i rma t ive ,  r e l y i n g  on such f a c t s  as e l eva t ion  of t h e  threshold  of v ib ra -  
t i o n  s e n s i t i v i t y  even during b r i e f  s t imula t ion  and increase  i n  muscular 
s t r eng th .  Others, however, take a more caut ious  view. For example, E .  A.  
Drogichina (1961) th inks  t h a t  compensatory r eac t ions  of t he  organism a r e  not 
inpaired during the i n i t i a l  phase of v i b r a t i o n  d isease  when all t he  changes are 
s t i l l  r eve r s ib l e .  

However , the main evidence c i t e d  by Andreyeva-Galanina and Butkovskaya i n  
favor  of adapta t ion  can be i n t e r p r e t e d  i n  a very d i f f e r e n t  fash ion .  According 
to t h e  data of these and o the r  au thors ,  t he  loss of v ib ra t ion  s e n s i t i v i t y  pro- 
gresses  after repeated exposure. It r e s u l t s  from an a l t e r a t i o n  of the  recep-  
t i v e  f ields , i . e .  , what s e e m s  t o  take p lace  here are not  adapta t ion  phenomena 
b u t  t h e  development of a pa thologica l  process of pa rab io t i c  charac te r  i n  t h e  
cutaneous contac t  r ecep to r s .  

However muscular s t r eng th  grows apparent ly  because of increase  i n  tone 
of t h e  motor cen te r  and v e s t i b u l a r  apparatus i n  response t o  an adequate stimu- 
l u s  such as v ib ra t ion .  An i n t e n s i f i c a t i o n  of e l e c t r i c  a c t i v i t y  i n  muscles of 
the rear extremity t ha t  p e r s i s t s  as long as 10 days a f t e r  exposure w a s  demon- 
strated by Z. I. Apanasenko. Severa l  i nves t iga to r s  d i r e c t l y  confirm the ab-  
sence of adapta t ion  and stress the  cumulative e f f e c t  of v i b r a t i o n  
(Borshchevskiy, Yemel'yanov and Koreshkov, 1958; Gorbachevskiy, 1959; Volkov, 
195Q) * 

The r e s u l t s  of our i n v e s t i s a t i o n s  a l s o  favor  t h e  view t h a t  adapta t ion  does 
not occur.  The compensatory mezhanisms can apparent ly  overcome temporary l o c a l  
processes  after i r r e g u l a r  general  or l o c a l  v ib ra t ion ,  owing t o  the  p l a s t i c i t y  
of t h e  cor tex .  This may also expla in  the occasional  ins tances  of improved 
e f f i c i e n c y  of t h e  nerve c e l l s  noted i n  experiments w i t h  repeated v ib ra t ions .  
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Eventually,  however, as c o r t i c a l  a c t i v i t y  weakens, decompensation develops 
and the pa thologica l  processes become more pronounced. 

The main f a c t o r  i n  the  development of the pa thologica l  process seems t o  be 
t h e  r e l a t i o n s h i p  between i n t e n s i t y  of the stimulus and time of "rest," i . e . ,  
the length  of the i n t e r v a l  between exposures. This i s  borne out by t h e  s t u d i e s  
of N .  I .  G a l a t  (1960), who showed that repea ted  f r a c t i o n a l  v ib ra t ion  produces 
fewer changes i n  the  CNS than  does a s i n g l e  prolonged exposure. The phenomenon 
can be e a s i l y  explained by exhaustion of the compensatory mechanisms, which a r e  
p a s t l y  r e s t o r e d  a f t e r  f r a c t i o n a l  v ib ra t ion .  Thus, the pa tho log ica l  changes i n  
t h e  higher d iv i s ions  of t he  CNS ( t h e  most vulnerable) t h a t  develop after /71. 
chronic genera l  v ib ra t ion  fol low the  p a t t e r n  of Pavlov's c i r c u l a r  neuros is .  

W e  a r e  now able t o  e l u c i d a t e ,  at l e a s t  i n  p a r t ,  t h e  c e n t r a l  mechanism 
respons ib le  f o r  t h e  changes t h a t  arise a f t e r  v i b r a t i o n .  

Vibra t ion  s e n s i t i v i t y  i s  con t ro l l ed  by th ree  cen te r s - - sp ina l ,  thalamic and 
c o r t i c a l .  Thus, t h e r e  are two poss ib l e  ways f o r  t h e  pa thologica l  process t o  
develop i n  the CNS. On one hand, t h e r e  can be d i r e c t  s t i m u l a t i m  of t h e  ves- 
t i b u l a r  apparatus f o r  which v i b r a t i o n  i s  an adequate st imulus (Shp i l ' be rg ,  
1962). A s  a r e s u l t ,  a pa tho log ica l  focus  arises i n  t h e  region of the c e n t r a l  
v e s t i b u l a r  nuc le i  l y ing  i n  the  tegmentum of the pons Varo l i i  and p a r a l l e l i n g  
the  e x t e r n a l  angle of t he  rhomboid f o s s a ,  t h e  func t ioning  of the brainstem re- 
t i c u l a r  formation and c l o s e l y  connected s t r u c t u r e s  of the diencephalon i s  i m -  
pa i r ed ,  and cor t i c  al-subc o r t  i c a l  re la t  ions are d is rupted .  

On t h e  o ther  hand, nerve impulses may a l s o  t r a v e l  from the  var ious  
propr io- ,  ex te ro- ,  and in t e rocep to r s ,  when s t imula ted  by v i b r a t i o n  through t h e  
s p i n a l  cord.  

The s p i n a l  cen ter  of "v ib ra t ion  s e n s i t i v i t y "  has been shown t o  extend from 
C2 t o  D8. 

s p i n a l  cord i n  v i b r a t i o n  disease i s  a matter of pa rab ios i s ,  i .e . ,  p e r s i s t e n t  
e x c i t a t i o n  of the cen te r s .  The presence of a s tagnant  focus of e x c i t a t i o n  i n  
the s p i n a l  cord r e s u l t s  i n  e x c i t a t i o n  spreading t o  t h e  ad jacent  c e n t e r s  i n  ac- 
cordance w i t h  the l a w s  of i r r a d i a t i o n .  This may a l s o  account f o r  t he  numerous 
autonomic changes t h a t  appear after exposure and are p a r t i c u l a r l y  marked during 
v i b r a t i o n  d i sease .  

It i s  now considered an e s t ab l i shed  f a c t  t h a t  involvement of t h e  

The f a c t  t h a t  the c e n t e r s  of "v ib ra t ion  s e n s f t i v i t y "  i n  the  s p i n a l  cord 
are  adjacent  t o  t h e  vasomotor cen te r s  of t h e  arms and t o  t h e  i n t e r r u p t i o n  
po in t s  of t h e  pain and thermal s e n s i t i v i t y  f i b e r s  ( Andreyeva-Galanina, 1956) 
g ives  r i s e  t o  spasm of t h e  s u p e r f i c i a l  and deep-lying blood vesse l s  as t h e  
i n i t i a l  response t o  v i b r a t i o n .  

Moreover, s ince  the  c e n t e r s  of "v ib ra t ion  s e n s i t i v i t y "  are phys ica l ly  n e w  
t h e  cen te r s  of g a s t r i c  s e c r e t i o n ,  neuro t ic  states c r e a t e  the preconditions for 
the  development of g a s t r i c  u l c e r  ( a t  least i n  persons with a n  unbalanced type 
of nervous system). 



The spread of e x c i t a t i o n  of t h e  s p i n a l  v i b r a t i o n  c e n t e r s  t o  the lateral 
horns of t h e  s p i n a l  cord  promotes degenerative changes i n  t i s s u e s  of the ex- 
tremities, e t c  . 

F i n a l l y ,  stagnant excitatf-on i n  the s p i n a l  cord  may a l s o  radiate t o  /72 
the c e r e b r a l  c o r t e x ,  which, i n  t u r n ,  a f f e c t s  t h e  state of t h e  c o r t i c a l  and sub- 
c o r t i c a l  cen te r s .  The development of t h i s  process i s  shown schemat ica l ly  i n  
the  i l l u s t r a t i o n .  

The diagram does not  show how the var ious  reg ions  of the  co r t ex  are i n t e r -  
connected, nor does it i n d i c a t e  the numerous ways i n  which vestibular-autonomic 
r eac t ion  can a f f e c t  the cor tex .  But it does show t h e  p o s s i b i l i t y  of stagnant 
f o c i  of e x c i t a t i o n  forming i n  the s p i n a l  cord and h igher  d i v i s i o n s  of the CNS. 

Pa rab io t i c  processes are r e v e r s i b l e .  Despite the pronounced r e a c t i o n  of 
t h e  CNS and o the r  systems t o  brief and i r r e g u l a r  v i b r a t i o n ,  t h e i r  func t ion  
even tua l ly  becomes normal. Consequently, the f a i l u r e  t o  do so after chronic 
j- ibration po in t s  t o  degenerat ion r e s u l t i n g  from systematic and sus ta ined  i n j u r y  
t o  organs and t i s s u e s .  

I n  examining the  mechanism of a c t i o n  of v i b r a t i o n ,  w e  must t r y  t o  de- /73 
termine t h e  primary processes respons ib le  f o r  the subsequent developnient of the 
f a m i l i a r  symptoms of v i b r a t i o n  disease. 

W e  can now speak w i t h  some assurance,  f i r s t ,  about t h e  d i r e c t  mechanical 
e f f e c t  on c e l l s  i n  various t i s s u e s  and, second, about the e a r l y  physicochemical 
changes i n  protoplasm. 

For example, Denny-Brown and Brenner (1944) showed t h a t  a s i n g l e  exposure 
t o  v ib ra t ion  may d i r e c t l y  damage t h e  myelin s e p t a  of the  i s o l a t e d  nerve and 
areas where myelin t u r n s  i n t o  endoneurium. 

While i n v e s t i g a t i n g  the e f f e c t  of l o c a l  v t b r a t i o n ,  A.  Y e .  Shcherbak (1908) 
observed hemorrhages i n  the  s p i n a l  cord.  Y e .  T s .  Andreyeva-Galanina and V .  G.  
Artamonova (1963) Found degenerative changes i n  t h e  gray  and white matter of t h e  
s p i n a l  cord and i n  the  b r a i n  after a s i n g l e  exposure t 2  v i b r a t i o n .  

Prolonged con tac t  wi th  v i b r a t i o n ,  according t o  L .  Ch. Minetskiy (1960) , 
causes hemorrhages and pooling of blood i n  t h e  s p i n a l  cord,  impairment of min- 
eral metabolism i n  bones and s t r u c t u r a l  deformity of bones and v e r t e b r a l  column. 

N .  I .  Karpova (1963) , aftey applying l o c a l  v i b r a t i o n  f o r  47 days t o  the  
paws of rabbits, noted morphological changes i n  d i f f e r e n t  po r t ions  of t h e  ne r -  
vous system. There w e r e  degenerative changes i n  the  mons  and medullary 
shea ths  of the nerves and swelling and vacuolation of cytoplasm along w i t h  d i s -  
i n t e g r a t i o n  or degenerat ion of i nd iv idua l  bundles of nerve fibers and breakdown 
of myelin i n  Schwann c e l l s .  React ive changes were noted i n  the c e l l s  of t h e  an- 
t e r i o r ,  lateral  and p o s t e r i o r  horns of the s p i n a l  cord  g ray  matter. The s p i n a l  
cord and membranes w e r e  cha rac t e r i zed  by v a s o d i l a t a t i o n  and hyperemia, hemor - 
rhages i n  t h e  white matter and demyel inizat ion i n  t h e  r o o t s  of the  s p i n a l  cord.  
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However, D .  N .  Nasonov and K .  S .  Ravdonik (1947) showed t h a t  pmanec ro t i c  
reac t ions  occur i n  t he  protoplasm of muscle f i b e r s  and nerve c e l l s  i n  t h e  
sp ina l  gangl ia  a f t e r  mechanical v ib ra t ions  at  sonic  frequency. 
is  general  and u n i d i r e c t i o n a l  for many t i s s u e s  e i t h e r  i n  v i t r o  or i n  vivo 
(Kondrat yeva, 1934; S h e d s  an13 Kuz mina, 1956) . 
d i s t i n c t  changes i n  protoplasm after exposure t o  v ib ra t ion .  
s i s t e d  of increased sorp t ion  capac i ty  of t h e  c e l l s  and in tense  and d i f f u s e  
s t a i n i n g  ins tead  oI' granula ted  s t a i n i n g .  This process ,  according t o  Nasonov, 
r e f l e c t s  t h e  paranecro t ic  state of t he  c e l l .  

This r eac t ion  

Shevts and Kuz * mina observed 
These changes con- 

Thus, the  primary d i s rup t ions  i n  l i v i n g  c e l l s  are due t o  mechanical /74 
as w e l l  as to biochemical changes, which vary wi th  the  i n t e n s i t y  of s t imula t ion  
and resemble t h e  th ixot ropy  of c o l l o i d s  (Nasonov and Aleksandrov, 1940; Sroka, 
1951) .  

However, i n  studying the  yeact ion of the  i n t e g r a l  organism and neuro- 
humoral inf luences on t h e  course of var ious  processes ,  we  cannot ignore t h e  
p o s s i b i l i t y  of t h e  r e f l e x  ac t ion  of v i b r a t i o n  even on t h e  development of t h e  
primary processes .  According to Shevts and Kuz'mina (1956), t h e  exclusion of 
c e r e b r a l  o r  s p i n a l  func t ion  l e d  t o  t h e  disappearance of t he  paranecro t ic  phe- 
nomena t h a t  arose after v ib ra t ton ,  or at least they w e r e  much less pronounced 
than i n  normal animals. 

These experiments demonstrated the  undoubted inf luence  of t h e  nervous sys-  
t e m  on t i s sue  r eac t ion .  

Vibration , theref  o r e ,  is  an extremely potent  f a c t o r .  

I n  t h i s  b r i e f  and incomplete account of t h e  phenomena t h a t  arise after 
contac t  with v i b r a t i o n ,  a t t e n t i o n  w a s  focused mainly on the  processes  t h a t  take 
place i n  the  nervous system. Rut pathologica l  changes a l s o  occur elsewhere.  
A s  mentioned before ,  t he  responses fol lowing t h e  d i r e c t  or r e f l e x  a c t i o n  of 
v ib ra t ion  are h ighly  va r i ed  and embrace v i r t u a l l y  a l l  the  systems of t h e  orga- 
nism. Those o f t h e  pe r iphe ra l  and c e n t r a l  nervous systems form a prominent p a r t  
of t h i s  complex. Moreover, v ib ra t ion  s e e m s  t o  be an adequate st imulus f o r  many 
of t h e  systems. On t h e  b a s i s  of the  ava i l ab le  d a t a ,  w e  can state q u i t e  c a t e -  
g o r i c a l l y  t h a t  t h i s  k ind  of s t imulus has  a d i r e c t  e f f e c t  on the  v e s t i b u l a r ,  
audi tory ,  motor and cutaneous systems. 

The sub.ject r equ i r e s  f u r t h e r  cons idera t ion  and c a r e f u l  s tudy.  It  would be 
extremely worthwhile, f o r  e x a q l e ,  t o  a s c e r t a i n  t h e  r e l a t i o n s h i p  between v ib ra -  
t i o n  m-d audi tory  s e n s i t i v i t y .  

A s  we  have a l ready  seen,  the  p r i n c i p a l  f requencies  t h a t  lead t o  t h e  devel-  
opment of pa thologica l  phenomena are i n  t h e  low and medium range (20-350 c p s ) .  
Thus, s e n s i t i v i t y  t o  v i b r a t i o n  and t o  noise  i n  t h i s  frequency reg ion  i s  s i m i l a r .  

S ince i n  t h e  course of phylogenesis t h e  organ of hear ing w a s  formed from 
ectoderm, from which t h e  sk in  also developed, it is  reasonable t o  assume t h a t  
t he  latter has preserved s t r u c t u r e s  t h a t  perceive v ib ra t ions  by d i r e c t  contac t  
with them. Some t i m e  ago D .  N .  Nasonov mentioned t h a t  t h e r e  may be  LE 
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s p e c i f i c  contac t  receptors  f o r  mechanical v ib ra t ions  as d i s t i n c t  from d i s t a n t  
receptors  that  perceive v ib ra t ions  through the air .  

We s t i l l  know l i t t l e  about t h e  s ign i f icance  of t he  var ious analyzers  i n  
t h e  development of the pa thologica l  process i n i t i a t e d  by v ib ra t ion ,  about t h e  
p o s s i b i l i t y  o f  adapta t ion  t o  it o r  about the nature  of t he  compensatory mechan- 
i s m s  ac t iva t ed  by such s t imu la t ion ,  e t c .  

The r o l e  of the  ind iv idua l  physical  parameters of v ib ra t ion  ( f requencies  
above 250-300 cps) , amplitude, e t c . ,  a l s o  has not  been f u l l y  e luc ida ted .  

All t h i s ,  p lus  t h e  endless  oppor tuni t ies  now ava i lab le  f o r  l i v i n g  orga- 
nisms t o  come i n t o  contac t  w i t h  sources of v i b r a t i o n ,  shows why it i s  e s s e n t i a l  
t h a t  w e  gain deeper i n s i g h t  i n t o  the mechanism of the a c t i o n  of v ib ra t ion .  
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EFFECT OF GENEX?AL VERTICAL VIBRATION ON VESTIBULAR 
FUNCTION I N  GUINElA PIGS 

2. I. Apanasenko 

ABSTRACT 

The inf luence of t o t a l  v e r t i c a l  v ib ra t ion  on t h e  func- 
t i o n a l  s ta te  of  t h e  equi l ibr ium organ w a s  s tud ied .  Elec t ro-  
myograms of t h e  g r o w  of a n t i g r a v i t a t i o n  muscles of guinea 
p i g  hind extremities at r e l a t i v e  rest and a t  adequate s t i m -  
u l a t i o n  of  e q u i l i b r i - m  organ w e r e  recorded. 

of spontaneous e l e c t r i c a l  a c t i v i t y  of i nves t iga t ed  muscles 
a t  r e l a t i v e  rest w a s  observed. Electromyographic response 
to  adequate s t imu la t ion  o f  t he  equi l ibr ium organ w a s  ac-  
t i va t ed :  l a t e n c y  of t h i s  r eac t ion  decreased, w h i l e  after- 
e f f e c t  prolonged i t .  These e f f e c t s  w e r e  observed 7-12 days 
af ter  v ib ra t ion .  

General  s tate of the animal and t h e  c e l l s  of  t he  p e r i -  
phe ra l  blood w e r e  noc subjected t o  s ta t i s t ica l ly  s i g n i f i -  
cant  changes under t h e  ac t ion  of v ibra t ion .  

After v ib ra t ion  a s t a t i s t i c a l l y  s i g n i f i c a n t  i nc rease  

A g r e a t  d e a l  of information i s  now a v a i l a b l e  on t h e  e f f e c t s  of  v e r t i -  
c a l  v ib ra t ion .  Resul tan t  abnormali t ies  spread t o  many important func t ion-  
a l  systems. For example, V. S. Georgiyevskiy and Ye.  M. Yugmov (1962) observed 
e l eva t ion  of blood pressure  and increase  i n  the  card iac  rate of  dogs exposed 
to  v ib ra t ion  (7.7 g ) ,  al though t h e r e  w a s  no change i n  t h e  r e s p i r a t o r y  rate. 
Other au thors  noted the  occurrence of vasospasm (Donaskaya and Stoma, 1960)~ i n -  
t e n s i f i c a t i o n  o f  i n t e s t i n a l  p e r i s t a l s i s ,  and increased g a s t i c  tone (Mogendo- 
Yiich, 1961), and many o t h e r  changes after v ib ra t ion .  
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S .  I. Karchmazh (1960) noted an increase  i n  oxygen consumption proport ion-  
a l  t o  t h e  frequency and amplitude of  t h e  v ibra t ions .  

Vibrat ion induces both fur-ct ional  and c y t o l o g i c a l  changes. It may impair 
mi tos i s  and cause the  chromosou-es t o  adhere t o  one another  (Arsen'yeva e t  a l . ,  
1962) * 



Ya.  L. Glembotskiy and G. P. Parfenov (1962) found t h a t  v ib ra t ion  increases  
t h e  frequency of l e t h a l  mutations i n  Drosophila spermatozoa and spermatids. It 
i s  i n t e r e s t i n g  t o  note t h a t  they a l s o  observed such phenomena a f t e r  space 
f l i g h t .  
changes. 

The authors th ink  t h a t  v ib ra t ion  i s  a major cont r ibu t ing  f a c t o r  i n  such 

O f  considerable s ign i f icance ,  e s p e c i a l l y  f o r  space t r a v e l ,  i s  the  e f f e c t  of 
v ib ra t ion  on t h e  c e n t r a l  nervous system. Functional impairment of t h e  c e n t r a l  
and autonomic systems were observed by 0. Ye .  S i r o t i n  and L. M. Kharichev (1959) 
after v ib ra t ion  wi th  a frequency of 30-36 cps. Vibrat ion may reduce the  in t en -  
s i t y  of t he  bas i c  nervous processes and d i s r u p t  t h e i r  normal r e l a t i o n s  (Andrta- 
nov, 199; Mikheyeva, 1950), lengthen the  l a t e n t  period of r e f l exes  and t i m e  of 
t he  a f t e r e f f e c t  (Skachedub, 1957; G a l a t ,  1950), and i n h i b i t ,  d i s t o r t  and (77 
sometimes completely e l imina te  conditioned r e f l e x e s  (Butkovskaya, 1957). 
It a l s o  increases  the  number of mistakes i n  performing complicated psychomotor 
t a sks  (Catterson, 1962) . 

A t  t h e  present  t i m e ,  however, a t t e n t i o n  i s  centered on t h e  e f f e c t  of vibra- 
t i o n  on t h e  v e s t i b u l a r  apparatus and a n t i g r a v i t a t i o n a l  muscles because of t h e  
g r e a t  demands made on t h i s  system during space f l i g h t .  

Relevant c l i n i c a l  s t u d i e s  a r e  very meager (Usenko, 1961; Zagryadskiy, 1957). 
The problem i s  s t i l l  moot and c a l l s  f o r  more research .  

The purpose of t h i s  work w a s  t o  i n v e s t i g a t e  the  e f f e c t  of v ib ra t ion  on ves- 
t i b u l a r  func t ion  i n  guinea p igs  (males weighing 350-500 g ) .  

The experimental animals (10) w e r e  examined during the  10-14 days preceding 
exposure, exposed, and then  kept under observat ion f o r  13-20 days. 

The v i b r a t i o n  w a s  v e r t i c a l ,  wi th  a frequency of 70 cps, amplitude of 0.4 
mm and l a s t e d  15 min. It w a s  applied twice on two consecutive days. 

Ves t ibu lar  func t ion  w a s  judged from t h e  electromyographic r eac t ion  of t h e  
f l e x o r s  i n  t h e  hind l e g s  of t h e  animals under normal. condi t ions ,  during adequate 
s t imu la t ion  of these  muscles and immediately afterward. As adequate s t imu la t ion  
we used graduated rocking of t h e  animal around t h e  long i tud ina l  a x i s  of t he  body 
on a s p e c i a l  apparatus for 10 sec wi th  a frequency of 0.6 of a cycle and i n c l i n a -  
t i o n  angle of 25O. 

A s  the electromyograms were being recorded on f i l m ,  they  w e r e  i n t eg ra t ed  by 
means of a s p e c i a l  i n t e g r a t o r  and expressed i n  r e l a t i v e  u n i t s  from the  readings 
of a mechanical r e g i s t e r .  

The pe r iphe ra l  blood, weight, temperature and genera l  condition of t h e  an i -  
mals were observed simultaneously with the electromyographic inves t iga t ion .  

The r e s u l t a n t  d r t a  were processed by t h e  method of monparametric s t a t i s t i c s .  

The myograms recorded before v ib ra t ion  w e r e  f a i r l y  similar i n  a l l  t he  ani-  
m a l s .  While t h e  animal w a s  s i t t i n g  q u i e t l y  i n  i t s  normal pos i t i on ,  o s c i l l a t i o n s  
of p o t e n t i a l  wi th  an amplitude of 10-30 pv w e r e  more or l e s s  uniform. 

64 



Volleys o f  impulses with a l a r g e  arriplitude (150-350 kv) appeared simul- 
taneously on the  EMG with each t e s t  rocking during adequate s t imu la t ion  of  the  
ves t ibu la r  apparatus  ( f i g .  1). The a f t e r e f f e c t  of  t h e  r eac t ion  t o  v e s t i b u l a r  
s t imula t ion  was r e f l e c t e d  on the  E383 e i t h e r  i n  p re se rva t ion  of  3-4 vol leys  
o f  heightened e l e c t r i c  a c t i v i t y ,  or i n  a genera l  uniform increase  i n  am- 
p l i t u d e  of  the  muscle cur ren ts .  
sec.  The l a t e n t  per iod  of t h i s  r eac t ion  w a s  roughly 0.1-0.3 see .  
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The average du ra t ion  o f  t he  a f t e r e f f e c t  w a s  2-4 

Thus, t h e  mean i n t e g r a l  values  of e l e c t r i c  a c t i v i t y  remained a t  about the  
same l e v e l  i n  the con t ro l  animals throughout, and i n  t h e  experimental  animals 
before app l i ca t ion  o f  v i b r a t i o r  w i th  s l i g h t  f l u c t u a t i o n s  i n  e i t h e r  d i r e c t i o n  
from t h e  mean norm. This  w a s  t rue  both fo r  t h e  per iod of rest and f o r  the 
per iod o f  r eac t ion  t o  adequate s t imula t ion  o f  t h e  v e s t i b u l a r  apparatus  and 
during the  a f t e r e f f e c t .  The l e v e l s  o f  i n t e g r a l  e l e c t r i c  a c t i v i t y  during t h e  re- 
a c t i o n  t o  v e s t i b u l a r  s t imu la t ion  exceeded t h e  l e v e l  of  e l ec t r i c  a c t i v i t y  i n  t h e  
r e s t i n g  animal 3-?-fold and durlng t h e  a f t e r e f f e c t  of  t h i s  r eac t ion ,  1.5-3-fold.  
These co r re l a t ions  may be considered normal f o r  proper  and adequate func t ioning  
of the  guinea p i g  ves t ibu la r  analyzer.  

Vibrat ion produced s i g n i f i c a n t  and f a i r l y  p e r s i s t e n t  changes i n  t h e  animals 
a t  rest and while responding t o  v e s t i b u l a r  s t imula t ion .  The amplitude of  t he  

Figure 1. Normal appearance of EMG of  muscles i n  hind l e g  
of  guinea p i g  at res t  during and af ter  tes t  rocking. 
A--background; B--react ion t o  t e s t  rocking; C--aftereffect 
(vol leys  o f  impulses) ;  D--af te ref fec t  ( s o l i t a r y  impulses).  



muscle cu r ren t s  increased and the  shape of  t he  EMG changed somewhat. The ob- 
served phenomena w e r e  e a s i l y  analyzed f r o m  t h e  change i n  i n t e g r a l  e l e c t r i c  ac- 
t i v i t y  of t he  muscles under s tudy.  

Figure 2 shows t h e  dynamics of  changes i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  of 
muscles i n  t h e  hind l e g s  of guinea p i g s  a t  r e l a t i v e  rest. The d a t a  are aver- 
aged f o r  both e q e r i m e n t a l  and t h e  con t ro l  animals. The i n t e g r a l  e l e c t r i c  ac- 
t i v i t y  i s  expressed i n  u n i t s  of devia t ion  from t h e  mean norm ( i n  the  graph the  
mean norm is  taken as 0 )  and r e l a t e d  t o  t h e  mean devia t ion  from t h e  norm before 
v ib ra t ion  f o r  each group of animals. This m a k e s  it poss ib le  t o  d i s t i n g u i s h  
only those changes which c l e a r l y  exceed t h e  l e v e l  o f  t h e  mean value and the 
mean devia t ions  from t h i s  value before v ib ra t ion .  

The f i g u r e  c l e a r l y  shows t h a t  background myoelectric a c t i v i t y  increased 
under t h e  inf luence of v ibra t ion .  The changes w e r e  p a r t i c u l a r l y  marked imme- 
d i a t e l y  a f t e r  e q o s u r e .  Thei r  pe r s i s t ence  w a s  noteworthy. Apparently weak ac- 
t i o n  kept  t h e  background e l e c t r i c  a c t i v i t y  a t  an abnormally high l e v e l  f o r  a t  
least 5 days: i n  some animals f o r  10-15 days afterward. The observed 
changes w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  w i th  a p r o b a b i l i t y  of  P < 0.01 
( r e l a t i v e  t o  t h e  o r i g i n a l  background and t o  t h e  mean d a t a  i n  t h e  con t ro l  
animals).  
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O f  t h e  e n t i r e  group of  experimental  animals, only one f a i l e d  t o  e x h i b i t  
increased myoelectric a c t i v i t y  while  a t  r e l a t i v e  rest, and the re  w a s  even a 
tendency f o r  t he  l e v e l  of b i o e l e c t r i c  a c t i v i t y  t o  drop. 

Figure 3 shows changes i n  myoelectric a c t i v i t y  of t h e  experimental  and con- 
t r o l  animals during adequate s t imula t ion  of t h e  ves t ibu la r  apparatus by gradu- 
a ted rocking. 

The ves t ibu la r - ton ic  r eac t ion  t o  adequate s t imula t ion  of t h e  v e s t i b u l a r  
apparatus a f te r  v ib ra t ion  w a s  f a i r l y  complex. It is evident  f r o m  f i g u r e  3 t h a t  
t h e  t o t a l  e l e c t r i c  a c t i v i t y  of t h e  muscles during tes t  rocking w a s  somewhat 
less i n  t h e  experimental animals than i n  the  cont ro ls .  The changes, t o  be sure ,  
were a t  the  boundary l i n e  of s ign i f icance ,  bu t  the  tendency t o  decrease was 

Figure 2. Change i n  background e l e c t r i c  a c t i v i t y  of muscles 
i n  hind l e g s  of guinea p igs  after v ibra t ion .  
Unbroken l i ne - - con t ro l  group; broken l ine--group exposed t o  
v ibra t ion .  Abscissa--value of myoelectric a c t i v i t y  i n  rela- 
t i v e  u n i t s .  Arrows designate  days of exposure. 
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Figure 3. Changes i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  i n  
muscles of  hind l e g s  of guinea p i g s  on adequate stimu- 
l a t i o n  of v e s t i b u l a r  apparatus  a f t e r  v ib ra t ion .  
Symbols same as i n  f i g u r e  2. 

Figure 4. Spread of  values  of  e l e c t r i c  a c t i v i t y  of 
muscles i n  hind legs  of  guinea p i g s  during test  stimu- 
l a t i o n  (A)  before  and (B) a f t e r  v ib ra t ion .  
1--control  group; 2--experimental group. Figures  on 
absc issa-  - value of  var iance.  

q u i t e  pronounced. Meanwhile the EMG r eac t ion  to adequate s t imu la t ion  not  only 
decreased, but apparent ly  s t a s i l i z e d ,  w i th  a narrowing o f  t h e  spread of  values  
of t h e  e l e c t r i c  a c t i v i t y .  Af,ter v ib ra t ion  t h e  var iance became less than  i n  
t h e  con t ro l  group ( f i g .  4 ) .  

All experimental  animals reac ted  t o  v i b r a t i o n  i n  a s i m i l a r  f ash ion .  More 
or less the  same r e l a t i o n s  a l s o  appeared i n  t h e  a f t e r e f f e c t  of  t h e  r eac t ion  
( f ig .  5 ) .  

/81 - Myoelectric a c t i v i t y  i n  .the aftereffect  decreased somewhat under 
the inf luence  of  v ib ra t ion ,  just as it d i d  during the  r eac t ion  i t se l f .  
This w a s  p a r t i c u l a r l y  not iceable  on t h e  day o f  exposure. On subsequent days 
e l e c t r i c  a c t i v i t y  changed i n  wavelike manner, bu t  t h e  curve f o r  t h e  experimen- 
t a l  group continued t o  remain a l i t t l e  below t h e  con t ro l  curve.  The changes 
w e r e  marked, bu t  s t a t i s t i c a l l y  i n s i g n i f i c a n t  (P > 0.05 both i n  t h e  median and 
i n  t h e  var iance) .  The spread of  t h e  va lues  of  e l e c t r i c  a c t i v i t y  a l s o  narrowed 
i n  t h i s  case (it w a s  less f o r  t h e  experimental  animals than  f o r  the  con t ro l s ) .  

The s l i g h t  lowering of t h e  l e v e l  of  myoelectric a c t i v i t y  noted during t h e  
r eac t ion  and aftereffect thereof could presumably be  a t t r i b u t e d  to t h e  devel-  
opment of adapta t ion  by t h e  v e s t i b u l a r  ana lyzer  after v ib ra t ion .  I n  t h i s  case 
t h e  test rocking might have e l i c i t e d  impulses of  smaller amplitude than before  
adapta t ion .  However, t h i s  assumption i s  no t  very l i k e l y  because v i b r a t i o n  



Figure 5 .  Changes i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  of muscles 
i n  hind l e g s  of guinea p igs  i n  a f t e r e f f e c t  of r eac t ion  t o  
t e s t  s t imula t ion  after v ib ra t ion .  
Symbols same as i n  f i g u r e  2. 

was applied b r i e f l y  (twice f o r  15 min each t ime) ,  and adapta t ion  could scarce- 
l y  have occurred. 

Another r e se rva t ion  is  t h a t  i n  processing the  d a t a  t h e  absolu te  values 
(from t h e  r e g i s t e r )  of myoelectric a c t i v i t y  for t h e  r eac t ion  and a f t e r e f f e c t  
among t h e  experimental animals were r e l a t e d  t o  too  high a background after 
v ib ra t ion ,  so  t h a t  t h e  a c t u a l  l e v e l  of e l e c t r i c  a c t i v i t y  a t  t hese  per iods  of 
the  inves t iga t ion  could have been too  low. 

The complex nature of t h e  inf luence  of v ib ra t ion  on t h e  v e s t i b u l a r  reac- 
t i o n  i s  seen i n  t h e  f a c t  t h a t  d e s p i t e  r a t h e r  low t o t a l  myoelectric a c t i v i t y  
during the  r eac t ion  proper  and i t s  a f t e r e f f e c t ,  t h e  l a t e n t  period of t h e  re-  
a c t i o n  was considerably shortened w h i l e  t he  dura t ion  of t h e  a f t e r e f f e c t  in-  
creased. 

The ex ten t  of t h e  l a t e n t  period and dura t ion  of t h e  a f t e r e f f e c t  of t h e  
r eac t ion  t o  adequate s t imula t ion  of t he  v e s t i b u l a r  apparatus were determined 
from t h e  electromyographic t r a c i n g s  on t h e  f i l m  ( f i g .  6 ) .  

Under t h e  inf luence  of v ib ra t ion  t h e  l a t e n t  period of t h e  r eac t ion  was 
considerably reduced, e s p e c i a l l y  r i g h t  after t h e  ac t ion .  It was not u n t i l  
5-7 days a f t e r  v ib ra t ion  t h a t  t h e  dura t ion  o f  t h e  l a t e n t  period rose t o  t h e  
l e v e l  of t h a t  i n  t h e  con t ro l  group. Meanwhile, t h e  spread of values of t he  
l a t e n t  period, although g r e a t e r  than t h e  cont ro l ,  w a s  not very s i g n i f i c a n t  
(from the variance test  P > 0.05). 
changes here d i f f e r e d  q u i t e  s i g n i f i c a n t l y  (P < 0.01) from t h e  con t ro l  ( t h e  
median s h i f t e d  markedly toward t h e  lower va lues) .  

However, t h e  c e n t r a l  d i r e c t i o n  of t h e  

The changes were t h e  same i n  a l l  experimental animals. 

A s i m i l a r  p a t t e r n  i s  shown i n  f i g u r e  7, which conta ins  a graph of the  mean 
values of t he  l a t e n t  period after exposure i n  percentages of t h e  m e a n  values 
before exposure. 

I n  t h e  con t ro l ,  the  mean du ra t ion  of t h e  l a t e n t  period of t h e  e l ec -  
tromyographic r e a c t i o n  t o  t e s t  rocking sca rce ly  changed, but af ter  v ibra-  
t i o n  it decreased appreciably.  The d i f f e rences  from t h e  con t ro l  were s i g n i f i -  
can t  (P < 0 .05) .  
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Figure 6. 
ac t ion  to  adequate s t imula t ion  of v e s t i b u l a r  apparatus 
after v ibra t ion .  
Ordinate--duraticn of  l a t e n t  period expressed i n  rela- 
t i v e  u n i t s .  Other symbols same as i n  f i g u r e  2. 

Change i n  dura t ion  of l a t e n t  per iod of re-  
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Figuxe 7. Duration of  l a t e n t  per iod (A)  and after- 
e f f e c t  (B) of  r eac t ion  t o  tes t  s t imula t ion  of v e s t i b -  
u l a r  apparatus after v ib ra t ion  i n  percentages of t h e i r  
mean values  before  exposure. 
1 - -cont ro l  group; 2--group exposed t o  v ib ra t ion .  V e r -  
t i c a l  l i n e s  designate  t r i p l e  s t a t i s t i c a l  e r r o r  of  mean 
value. 

Frgure 8 shows the  e f f e c t  of v ib ra t ion  on the  dura t ion  o f  t h e  a f t e r e f f e c t  
of the  reac t fon  t o  adequate s t imula t ion  of  t h e  v e s t i b u l a r  apparatus.  V i b r a -  
t i o n  caused a p e r s i s t e n t  and sharp lengthening of t he  a f t e r e f f e c t ,  which w a s  
s i g n i f i c a n t l y  d i f f e r e n t  from the  cont ro l ,  both i n  spread of values  and i n  cen- 
t ra l  d i r e c t i o n  (both i n  the  var iance and i n  t h e  median P < 0.05) .  The changes 
w e r e  s imilar f o r  all experimental  animals and pe r s i s t ed  for 10-15 days a f t e r  
exposure. 

The graph i n  f i g u r e  'p shows the  mean dura t ion  of  t h e  a f t e r e f f e c t  of t h e  
r eac t ion  after exposure i n  percentages of t h e  corresponding mean values  be- 
f o r e  exposure. It i s  obvious t h a t  after v ib ra t ion  the  dura t ion  of the  after- 
e f f e c t  w a s  more than double. 
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Figure 8. 
t i o n  t o  adequate s t imula t ion  of v e s t i b u l a r  apparatus 
a f te r  v ibra t ion .  
Ordinate--duration of a f t e r e f f e c t  expressed i n  rela- 
t i v e  u n i t s .  Symbols same as i n  f i g u r e  2. 

Changes i n  dura t ion  of  a f t e r e f f e c t  of reac- 

Thus, t h e  two exposures t o  v ib ra t ion  used i n  our experiments caused a fa i r -  
l y  p e r s i s t e n t  increase  i n . e l e c t r i c  a c t i v i t y  of  t h e  muscles a t  r e l a t ive  rest, 
acce lera ted  t h e  electromyographic r eac t ion  t o  adequate s t imula t ion  of t h e  ves- 
t i b u l a r  apparatus and lengthened t h e  a f t e r e f f e c t  of  t h i s  reac t ion .  

~ N o  s i g n i f i c a n t  d i f f e rences  w e r e  noted between t h e  experimental  and con t ro l  
animals with respec t  t o  t h e  animals '  general  condi t ion,  weight or per iphe ra l  
blood. 

The r e s u l t s  of  our i nves t iga t ion  c l e a r l y  ind ica t e  t h a t  v ib ra t ion  g ives  
rise t o  func t iona l  changes loca l i zed  i n  t h e  v e s t i b u l a r  ( l a t e n t  per iod and dura- 
t i o n  of t h e  a f t e r e f f e c t  of t he  ves t ibu la r - ton ic  r eac t ion )  and motor (spontane- 
ous b i o e l e c t r i c  a c t i v i t y  a t  r e l a t i v e  rest)  apparatuses.  These changes r e f l e c t  
f a i r l y  p e r s i s t e n t  e x c i t a t i o n  f o r  s eve ra l  days after exposure. 

The p e r t i n e n t  l i t e r a t u r e  on t h i s  sub jec t  i s  meager and s c a t t e r e d ,  bu t  it 
e s s e n t i a l l y  supports  our f ind ings .  

For example, V. R. Usenko (1961) noted a decrease i n  v e s t i b u l a r  chronaxie 
and rheobase i n  human beings after v ibra t ion .  

L. V. Donskaya and M. F. Stoma (1960) found t h a t  t he  amplitude of /83 
muscle b iocur ren ts  increases  wi th  acce le ra t ion  ( t o  a c e r t a i n  l i m i t )  of  
t h e  frequency o f  v ib ra t ion .  B. M. Savin (1957) states t h a t  acce le ra t ion  may 
c rea t e  powerful f o c i  of e x c i t a t i o n  i n  the  ce reb ra l  cor tex,  c h i e f l y  i n  t h e  re- 
gion of t he  motor apparatus .  

This c o n f l i c t s  w i th  t h e  view of Z. M. Butkovskaya (1957) t h a t  an i r r a d i -  
a ted i n h i b i t o r y  process  develops i n  t h e  c e n t r a l  nervous system after v ib ra t ion .  
The cont rad ic t ion  can be resolved, w e  be l ieve ,  i f  w e  assume t h a t  t h e  i n h i b i t i o n  
observed by Butkovskaya developed, l i k e  p ro tec t ive  inh ib i t i on ,  through a phase 



of overexc i ta t ion .  Such an assumption i s  p l aus ib l e  i n  the  l i g h t  of  V. A. 
Shebal in ' s  f ind ing  (1962) t h a t  the  l a b i l i t y  of  t he  nerve cen te r s  decreases  
a f te r  v ibra t ion .  

M.  A. Kuznetsova (compare h e r  a r t i c l e  elsewhere i n  t h i s  c o l l e c t i o n )  ob- 
served impairment of t h e  normal i n t e n s i t y  r e l a t i o n s  and t h e  appearance of 
pa rab io t i c  phases i n  t h e  pass ive  defense motor reflex arc af ter  v ib ra t ion .  
This i s  an add i t iona l  p i ece  of evidence i n  support  of  our assumption. 

I n  our i nves t iga t ion  w e  used v ib ra t ion  wi th  a low amplitude and com- 
pa ra t ive ly  low frequency which, according t o  t h e  l i t e r a t u r e  (Zagryadskiy, 
1977; Mogendovich, 1961), a c t s  on t h e  body c h i e f l y  through the  v e s t i b u l a r  ap- 
pa ra tus ,  suggesting t h a t  t h e  changes we  observed i n  the  v e s t i b u l a r  apparatus- 
a n t i g r a v i t a t i o n a l  muscle system are regular ,  and t h a t  it w a s  p r e c i s e l y  here  
t h a t  abnormali t ies  could n a t u r a l l y  be expected t o  arise. 

/84 

~ 

A f i n a l  p o i n t  of  i n t e r e s t  is  t h a t  t h e  changes i n  v e s t i b u l a r  func t ion  af- 
ter  v ib ra t ion  are similar t o  those which w e  found i n  t h e  guinea p igs  flown 
on the  fou r th  spacec ra f t  (Apanssenko and Kuznetsova, 1963). 

Conclusions 

1. Two 15-minute exposur,es of  guinea p igs  t o  v ib ra t ion  cause a s ta t i s t i -  
c a l l y  s i g n i f i c a n t  increase  i n  the spontaneous e l e c t r i c  a c t i v i t y  of  muscles 
i n  t h e  hind l e g s ,  while  t he  animals are i n  a state of r e l a t i v e  rest. 

2. The same v ib ra t ion  e l t c i t s  an electromyographic r eac t ion  t o  adequate 
s t imula t ion  o f  t he  v e s t i b u l a r  apparatus-- the l a t e n t  per iod of t h i s  r eac t ion  
decreases ,  bu t  t h e  aftereffect increases .  

3. These changes p e r s i s t  f o r  5-7 days a f t e r  v ib ra t ion .  

4. The genera l  condi t ion  of  t he  animals and composition o f  t h e  pe r iphe ra l  
blood under the  inf luence  of v ib ra t ion  do not  undergo s t a t i s t i c a l l y  s i g n i f i c a n t  
changes . 
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ABSTRACT 

The change i n  f'unctions of t h e  equi l ibr ium organ of 

guinea p i g s  t o t a l l y  i r r a d i a t e d  wi th  y-rays Co60 with  500 r, 
a t  a dose r a t e  of 261 r/min, was s tudied.  
of t h e  group of a n t i g r a v i t a t i o n a l  muscles i n  hind l egs  of 
guinea p i g s  a t  r e l a t i v e  rest and a t  adequate s t imu la t ion  of 
equi l ibr ium organ were recorded. Af t e r  i r r a d i a t i o n  a d i s -  
t i n c t  decrease of spontaneous e l e c t r i c a l  a c t i v i t y  of t h e  
inves t iga ted  muscles a t  r e l a t i v e  rest and t h e  change of 
b i o e l e c t r i c  r eac t ion  of +;hese muscles t o  t h e  adequate s t i m -  
u l a t i o n  of t h e  equi l ibr ium organ were observed. This re-  
a c t i o n  becomes less r egu la r  and o f t e n  i s  pa tho log ica l ly  i n -  
creased; i t s  l a t ency  increases  sharply,  while  a f t e r e f f e c t  
is  shortened. The c l i n i c a l  state of t h e  animals w a s  i n  
conformity wi th  t h e  normal course of acute r a d i a t i o n  sick- 
ness  wi th  l e t h a l  outcome on t h e  9th-14th day. 

Electromyograms 

The e f f e c t  of pene t r a t ing  r a d i a t i o n  on v e s t i b u l a r  func t ion  has re- /85 
ceived l i t t l e  study t o  da t e .  The l i t e r a t u r e  i s  not  only sparse ,  but ex- 
tremely cont rad ic tory .  
c a l  conditions an increase  i n  v e s t i b u l a r  e x c l t a b i l i t y  during and after X- 
i r r a d i a t i o n  wi th  a dose of 5OOO-l2,000 r (exposure of t h e  c e r v i c a l  o r  t ho rac i c  
r eg ion ) .  Yu.  G. Grigor'yev (1962) found, however, t h a t  the e x c i t a b i l i t y  of t h e  
v e s t i b u l a r  apparatus r e g u l a r l y  decreases after massive doses of r ad ia t ion .  
A. A .  Sveshnikov and A. V.  Sevan'keyev (1962) showed t h a t  t he  e x c i t a b i l i t y  and 
r e a c t i v i t y  of t h e  v e s t i b u l a r  apparatus decreases after a dose of 200 r, and 
t h a t  doses of 500-5000 r r e s u l t  i n  severe i n h i b i t i o n  of l abyr in th ine  func t ion .  

For example, N. V. Moskovskaya (1959) noted under c l i n i -  

The purpose of our i n v e s t i g a t i o n  w a s  t o  study changes i n  v e s t i b u l a r  func- 

t i o n  a f t e r  acu te  whole-body exposure t o  500 1' doses of t h e  y-rays of Co60 a t  a 
dose r a t e  of 261 r/min. 

The experimental animals were guinea p i g s  weighing 350-500 g. The e l ec -  
tromyographic r eac t ion  of t h e  a n t i g r a v i t a t i o n a l  muscles i n  t h e  animals' hind 



l e g s  t o  adequate s t imu la t ion  cf the  v e s t i b u l a r  apparatus by graduated rocking 
serTJed as a c r i t e r i o n  of  v e s t i b u l a r  func t ion .  

The method o f  adequate s t imu la t ion  and the  technique of  recording and proc- 
ess ing  of  t h e  d a t a  are descr ibed i n  an ear l ier  a r t i c l e .  

Along wi th  the  electromyographic inves t iga t ion  w e  observed the  pe r iphe ra l  
blood, weight,  temperature, genera l  c l i n i c a l  condi t ion  and su rv iva l  rate of t h e  
animals.  

ALL d a t a  w e r e  s t a t i s t i c a l l y  processed. The experimental  animals (10) were 
examined 1-2 weeks before  exposure and t h e r e a f t e r  u n t i l  they  died (af ter  
10-15 days) .  The con t ro l  animals ( 3 )  w e r e  examined a t  t h e  same t i m e s .  /86 

All  electromyograms o f  t h e  experimental  animals before  exposure and those 
of t h e  con t ro l s  throughout t h e  experiment had a normal appearance. The  genera l  
i n t e g r a l  l e v e l  of e l e c t r i c  a c t i v i t y  f o r  each o f  t h e  per iods  s tud ied  ( r e l a t i v e  
rest, r eac t ion  t o  adequate s t imu la t ion  of  t he  l a b y r i n t h s  and a f t e r e f f e c t  there-  
o f ) ,  dura t ion  of t he  l a t e n t  per iod and a f t e r e f f e c t  of t h e  r e a c t i o n  a l s o  w e r e  
normal and q u i t e  s t a b l e .  

A f t e r  exposure t h e  amplitude of  t h e  muscle cu r ren t s  f r equen t ly  decreased, 
the electromyograms w e r e  reduced and t h e i r  form became a l t e r e d .  

The observed phenomena are b e s t  analyzed, however, from t he  changes i n  in-  
t e g r a l  e l e c t r i c  a c t i v i t y .  Figure 1 shows t h e  changes i n  background ( a t  rest) 
i n t e g r a l  e l e c t r i c  a c t i v i t y  of  the muscles a f te r  i r r a d i a t i o n .  The curves w e r e  
p l o t t e d  from f i g u r e s  averaged for a l l  animals of  each group. 

It i s  evident  from f i g u r e  1 t h a t  i r r a d i a t i o n  caused a prolonged decrease 
i n  t he  e l e c t r i c  a c t i v i t y  of t h e  muscles a t  r e l a t i v e  rest. I n  2 of  the  10 an i -  
mals i n  t h i s  group, background, e l e c t r i c  a c t i v i t y  d id  not decrease after i r r a d i -  
a t i o n ;  i n  fact it even increased s l i g h t l y .  It i s  i n t e r e s t i n g  t o  note t h a t  t h i s  
high l e v e l  of muscle a c t i v i t y  a t  res t  p e r s i s t e d  i n  these  animals u n t i l  they  
d ied .  I n  the  o t h e r  8 guinea p igs ,  however, myoelectr ic  a c t i v i t y  w a s  very low 
u n t i l  they d ied .  The changes averaged out  f o r  t h e  experimental  animals l y i n g  
on the  border l ine  of s t a t i s t i c a l  s ign i f i cance  (P< 0.05 both i n  t h e  median and 
i n  t h e  var iance) ,  but  t h e  genera l  tendency for t he  background b i o e l e c t r i c  ac- 
t i v i t y  o f  t he  muscles to  decrease  w a s  q u i t e  apparent .  

I r r a d i a t i o n  r e s u l t e d  i n  inadequate pa thologica l  heightening o f  t h e  e l ec -  
tromyographic r e a c t i o n  t o  t h e  ;est s t imu la t ion  ( f i g .  2) .  This  increase  w a s  par-  
t i c u l a r l y  c h a r a c t e r i s t i c  of  t h e  more remote per iods  after i r r a d i a t i o n .  It w i l l  
be  noted, however, t h a t  t h e  r e s u l t s  varied from animal t o  animal. Some of  
them exhib i ted  a r eac t ion  t o  rocking t h a t  w a s  e i t h e r  somewhat t oo  s t rong  o r E 7  
too weak. Two animals responded very  weakly throughout the observat ion 
period t o  adequate s t imu la t ion  of t he  v e s t i b u l a r  apparatus.  I n  5 animals, t h e  
l e v e l  of  e l e c t r i c  a c t i v i t y  f luc tua ted  from day t o  day, now considerably above 
normal, now somewhat below. The o t h e r  3 guinea p igs  maintained a f a i r l y  high 
l e v e l  of myoelectric a c t i v i t y .  On t h e  second or t h i r d  day after i r r a d i a t i o n ,  
t he  l e v e l  o f  myoelectric a c t i v i t y  w a s  q u i t e  l o w  i n  almost all animals.  J u s t  
before they  d ied ,  it dropped sharp ly  i n  a l l .  S t a t i s t i c a l  p rocess ing  of  t hese  
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Figure 1. Change i n  background a c t i v i t y  of muscles i n  
hind l e g s  of guinea p igs  af ter  i r r a d i a t i o n .  
1- -cont ro l  group; 2 - - i r r ad ia t ed  group. Abscissa--time 
a f t e r  i r r a d i a t i o n  i n  days; ordinate--magnitude of e l e c -  
t r i c  a c t i v i t y  expressed i n  r e l a t i v e  u n i t s .  Arrow desig- 
na t e s  day of i r r a d i a t i o n .  
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Figure 2. Change i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  of mus- 
c l e s  i n  hind l e g s  of guinea p igs  during adequate stimu- 
l a t i o n  of v e s t i b u l a r  apparatus af ter  i r r a d i a t i o n .  
Symbols same as i n  f i g u r e  1. 

d a t a  showed t h a t  t h e  changes noted were s i g n i f i c a n t .  Although t h e  spread. of 
values increased markedly a f t e r  i r r a d i a t i o n  ( i n  t h e  variance P < 0.001), t h e i r  
c e n t r a l  d i r e c t i o n  changed i n s i g n i f i c a n t l y .  The var ied  and uns tab le  na ture  of 
t h e  p o s t i r r a d i a t i o n  changes observed i n  t h e  r e a c t i o n  t o  s t imula t ion  of t h e  
v e s t i b u l a r  apparatus i s  a l s o  ev ident  i n  f i g u r e  3, which shows a s u b s t a n t i a l  in- 
c rease  i n  t h e  variance f o r  t h e  values of t h e  r e a c t i o n  i n  the  i r r a d i a t e d  animals .  

Figure 4 shows t h e  change i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  of muscles i n  the 
a f t e r e f f e c t  of the r eac t ion  t o  t e s t  v e s t i b u l a r  s t imu la t ion .  The a f t e r e f f e c t  
period w a s  charac te r ized  by wavelike change i n  t h e  values of e l e c t r i c  a c t i v i t y .  
It decreased the  f irst  f e w  days after i r r a d i a t i o n ,  increased on t h e  t h i r d  day, 
then  decreased and so on. 

The curve f o r  t h e  group of i r r a d i a t e d  animals d i f f e r e d  s i g n i f i c a n t l y  f r o m  
t he  curve f o r  t he  c o n t r o l  both i n  c e n t r a l  d i r e c t i o n  ( f o r  t h e  median P < 0.01) 
and i n  spread of values ( f o r  t h e  variance P < 0.005). 

I n  add i t ion  t o  these ind ices ,  w e  w e r e  also able  t o  use t h e  W s  on f i l m  t o  
measure the  l e n g t h  of t he  l a t e n t  period and du ra t ion  of t h e  a f t e r e f f e c t  of the  
r eac t ion  t o  test  s t imu la t ion  of t he  v e s t i b u l a r  apparatus.  
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Figure 3. Variance of t h e  values  of e l e c t r i c  a c t - r  t y  
of muscles i n  hind l e g s  of  guinea p igs  during vest ibu-  
l a r  s t imula t ion  (A) before  and (B) a f t e r  i r r a d i a t i o n .  
1--control  group; 2- - i r rad ia ted  group. Number on o rd i -  
nate--values of  t h3  variance.  
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Figure 4. 
c l e s  i n  hind l e g s  D f  guinea p igs  i n  a f t e r e f f e c t  of re- 
ac t ion  to v e s t i b u l a r  s t imula t ion  af ter  i r r a d i a t i o n .  
Symbols same as i n  f i g u r e  1. 

Change i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  of mus- 

I r r a d i a t i o n  caused a p e r s i s t e n t  lengthening of t h e  l a t e n t  per iod of t he  
r eac t ion  t o  adequate s t imula t ion  of t he  v e s t i b u l a r  apparatus ( f ig .  5 ) .  
t h i s  case the  d i f f e rences  from the  con t ro l  group w e r e  abso lu te ly  s i g n i f i -  
cant  according to  the  var iance test  (P < O.Ol), and they  l a y  on t h e  bo rde r l ine  
of s ign i f i cance  (P < 0.05) according to the  median tes t ,  apparent ly  by v i r t u e  of 
the tendency f o r  t he  l a t e n t  per iod to lengthen s l i g h t l y  i n  the  con t ro l .  

I n  /89 

Figure 6 c l e a r l y  shows t h a t  af ter  i r r a d i a t i o n  the  l a t e n t  per iod of t he  EMG 
r eac t ion  to adequate s t imula t ion  of t h e  v e s t i b u l a r  apparatus  lengthened 
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Figure 5 .  Change i n  dura t ion  o f  l a t e n t  per iod of  re- 
ac t ion  t o  adequate s t imula t ion  of v e s t i b u l a r  apparatus  
after i r r a d i a t i o n .  
Ordinate--length of  l a t e n t  per iod expressed i n  rela- 
t i v e  u n i t s .  Symbols same as i n  f i g u r e  1. 

Figure 6. 
of r eac t ion  t o  adequate s t imula t ion  of  v e s t i b u l a r  ap- 
para tus  after i r r a d i a t i o n  i n  percentages of t h e i r  mean 
values  before  exposure. 
A--latent per iod;  B--af te ref fec t ;  1 - -cont ro l ;  2 - - i r ra -  
d ia ted  animals.  V e r t i c a l  l i n e s  designate  t r i p l e  sta- 
t i s t i c a l  error of mean value. 

Duration of  l a t e n t  per iod and a f t e r e f f e c t  

considerably.  While t h e  l a t e n t  per iod increased under t h e  inf luence  of  i r r a d i -  
a t i o n ,  t he  a f t e r e f f e c t  of t h i s  r eac t ion  i n  t h e  exposed animals shortened q u i t e  
markedly ( f i g .  6 B ) .  

The a f t e r e f f e c t  s ca rce ly  changed i n  t h e  con t ro l  animals (it shortened by 
7 pe rcen t ) .  
t i o n  almost twice as much. 

I n  t h e  experimental  animals, however, it shortened after i r r a d i a -  

Figure 7 shows t h e  dynamics of t h e  du ra t ion  of t h e  a f t e r e f f e c t  of  t h e  
myoelectric r eac t ion  t o  v e s t i b u l a r  s t imu la t ion  by the  days after i r r a d i a t i o n .  
Here it i s  a l s o  obvious t h a t  i r r a d i a t i o n  shortened t h e  a f t e r e f f e c t  o f  t h i s  re- 
ac t ion .  The changes w e r e  s i g n i f i c a n t  and they  p e r s i s t e d  throughout the ob- 
s e rva t ion  per iod,  although t h e  d i f f e rences  from t h e  con t ro l  i n  t h i s  f i g u r e  are 
less i n s t r u c t i v e  than those  i n  f i g u r e  6. 



Figure 7. Change i n  dura t ion  of a f t e r e f f e c t  of reac-  
t i o n  t o  test  s t imula t ion  of v e s t i b u l a r  apparatus after 
i r r a d i a t i o n .  
Ordinate--duration of a f t e r e f f e c t  expressed i n  rela- 
t i v e  u n i t s .  Other symbols same as i n  f i g u r e  1. 

Thus, it is  f a i r  t o  conclude from the  foregoing t h a t  under the  inf luence  
of acute  r ad ia t ion  t h e  react ior-  t o  adequate s t imula t ion  of  t he  v e s t i b u l a r  ap- 
para tus  becomes inh ib i t ed ,  l e s z  d i s t i n c t  and i r r e g u l a r .  Although myoelectric 
a c t i v i t y  during t h i s  r eac t ion  was pa thologica l ly  high, t he  l a t e n t  per iod of 
the  r eac t ion  increased,  while  t h e  dura t ion  of the  a f t e r e f f e c t  was reduced. 

A s  f o r  the  state of t he  pe r iphe ra l  blood, t he  con t ro l  animals exh ib i t ed ,  
s t a r t i n g  the  second t o  t h i r d  day a f t e r  i r r a d i a t i o n ,  t he  decrease i n  leukocyte 
count c h a r a c t e r i s t i c  of  acute  r a d i a t i o n  s ickness .  This  decrease (sometimes 
with temporary increases)  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t .  
died,  t he  leukocyte count dropped i n  some cases  t o  700-500 i n  1 mm3 of blood. 

Before t h e  animals 

Radiation s ickness  w a s  accompanied by a s t a t i s t i c a l l y  s i g n i f i c a n t  /90 
weight loss .  

The animals d ied  9-14 days after exposure, with symptoms of r a d i a t i o n  
pneumonia and hemorrhages i n  t h e  subcutaneous t i s s u e  and v i sce ra .  A l l  t he  con- 
t r o l s  and only one experimental  animal survived. 

Our f ind ings  suggest  t h a t  the  func t ions  of t h e  vest ibular-motor  system of 
guinea p igs  are inh ib i t ed  under the  inf luence  of acute  whole-body y - i r r ad ia t ion .  
Background myoelectrlc a c t i v l t y  decreases ,  t h e  l a t e n t  per iod of t h e  tes t  reac- 
t i o n  grows and the du ra t ion  of  t he  a f t e r e f f e c t  shor tens .  The abnormally high 
myoelectric a c t i v i t y  noted i n  some a n i m a l s  dur ing tes t  rocking w a s ,  i n  our 
opinion, pa thologica l  and another i nd ica t ion  of t he  decrease i n  e f f i c i e n c y  of 
the  v e s t i b u l a r  apparatus after i r r a d i a t i o n .  

Our data ,  therefore ,  are cons is ten t  with t h e  f ind ings  of those authors  
(Sveshnikov and Sevantkeyev, 1962; Grigorlyev, 1962; and o t h e r s )  who observed 
t h a t  the  e x c i t a b i l i t y  and r e a c t i v i t y  of  the v e s t i b u l a r  apparatus decreases  
af ter  i r r a d i a t i o n .  
c a l o r i c  and o t h e r  c l i n i c a l  t e s t s )  w e r e  addressed mainly t o  t h e  semic i rcu lar  
cana ls ,  whereas our tes t  l a r g e l y  s t imulated t h e  o t o l i t h i c  apparatus.  The coin- 
cidence of t h e  r e s u l t s  i n  both cases  shows t h a t  t h e  two main s t r u c t u r e s  of t he  
ves t ibu la r  apparatus ( o t o l i t h s  and semic i rcu lar  cana ls )  suffer a similar alter-  
a t i o n  of  func t ion  as a r e s u l t  of  pene t ra t ing  r ad ia t ion .  

The t e s t s  used by these  authors  ( r o t a t i o n  wi th  acce le ra t ion ,  
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The he terogenei ty  and l ack  of synchronism of t h e  d a t a  noted I n  t h e  
experimental animals may w e l l  have been due t o  t h e i r  i nd iv idua l  charac- 
t e r i s t i c s .  

/91 

Conclusions 

1. Acute whole-body i r r a d i a t i o n  of guinea p i g s  with 500 r of Co60 causes 
a d i s t i n c t  decrease i n  spontaneous e l e c t r i c  a c t i v i t y  of t h e  a n t i g r a v i t a t I o n s 1  
muscles i n  t h e  hind l e g s .  

2. The b i o e l e c t r i c  r eac t ion  of t hese  muscles t o  adequate s t imula t ion  of 
the  v e s t i b u l a r  apparatus becomes i r r e g u l a r  and sometimes pa tho log ica l ly  high 
under t h e  inf luence  of i r r a d i a t i o n .  The l a t e n t  period of t h i s  r e a c t i o n  
lengthens markedly, but i t s  a f t e r e f f e c t  shor tens .  The changes are s t a t i s t i c a l -  
l y  s i g n i f i c a n t .  



COMBINED EFFECTS OF V I B M I O N  AND ACUTE IRRADIATION ON 
VESTIBULAR FUNCTION IN GUINEA PIGS 

Z. I. Apanasenko 

ABSTRACT 

The complex e f f e c t  of simultaneously o r  consecut ively 
appl ied v ib ra t ion  and acute  i r r a d i a t i o n  wi th  a dose of 500 
r on t h e  func t ions  of t h e  equi l ibr ium organ w a s  s tud ied .  
Electromyograms of  t h e  group of a n t i g r a v i t a t i o n a l  muscles 
of guinea p i g  hind ex t r emi t i e s  a t  r e l a t i v e  rest and a t  ade- 
quate  s t imu la t ion  of equi l ibr ium organ w e r e  recorded. 

The change i n  r a d i a t i o n  response o f  t h e  organism un- 
d e r  v ib ra t ion  effec;  was recorded. Under combined effect  
of these  f a c t o r s ,  e l e c t r i c a l  a c t i v i t y  of  muscles a t  rela- 
t i v e  rest does not  decrease as under a s i n g l e  i r r a d i a t i o n ;  
on the  cont ra ry ,  it increases .  The change of electromyo- 
graphic  r eac t ion  t o  adequate v e s t i b u l a r  s t imu la t ion  char- 
a c t e r i s t i c  of  r a d i a t i o n  e f f e c t  i s  absent .  The l a t e n c y  of 
t h i s  r eac t ion  inc res ses ,  no t  at once, bu t  on ly  c l o s e  t o  
t h e  dea th  of  t he  animals; t h e  a f t e r e f f e c t  i nc reases  at 
first,  and only  a week after t h e  exposure it sharp ly  de- 
c reases .  

By t h e  number of blood c e l l s ,  weight dynamics, gener- 
a l  c l i n i c a l  s ta te  and animal surv iva l ,  t h e  au thor  found 
no au then t i c  d i f f e rences  between complex e f f e c t  and single 
i r r a d i a t i o n .  

The combined e f f e c t s  o f  v ib ra t ion  and pene t r a t ing  r a d i a t i o n  on t h e  - / 92  
organism have been sca rce ly  s tud ied ,  even though t h e  importance o f  t h e  
problem becomes more evident  wi th  each passing day. Radiat ion and v ib ra t ion  
are a c t i v e  agents ,  capable of inducing marked func t iona l  changes i n  d i f f e r e n t  
systems of t h e  body. Moreover, whether they  are appl ied simultaneously o r  
consecutively,  each may s i g n i f i c a n t l y  a l t e r  the  systemic r eac t ion  t o  t h e  o ther .  
Thiis r a d i a t i o n  r eac t ions  may be q u i t e  su rp r i s ing .  

There are only a f e w  published r epor t s  descr ib ing  the comblned effects of 
r a d i a t i o n  and cen t r i fuga t ion  o r  v ib ra t ion  on t h e  s u r v i v a l  rate of animals.  
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This w a s  a l s o  the  r e s u l t  of another experiment, i n  which animals i r r a d i a t e d  

with Co6' w e r e  centrifuged e i t h e r  immediately after removal of t he  coba l t  or 10 
days l a te r  (Lyle, 1961). A. N .  Ganshina (1961) concluded from pathologico- 
anatomical i nves t iga t ions  t h a t  v ib ra t ion  sca rce ly  changes t h e  e f f e c t  of frac- 
t i o n a l  i r r a d i a t i o n ,  but it g r e a t l y  i n t e n s i f i e s  t h e  e f f e c t  of acute  i r r a d i a t i o n .  

Taylor (1960) exposed rats t o  600 r of r ad ia t ion  and 7 min of centr i fuga-  
t i o n  wi th  an acce lera t ion  of 20 g. N o  d i f fe rences  were noted i n  s u r v i v a l  r a t e  
as between the  i r r a d i a t e d  animals and the  animals subjected t o  combined ac t fon  

O f  considerable i n t e r e s t  i s  the  e f f e c t  of v ib ra t ion  on t h e  func t iona l  
changes which arise i n  the  nervous system as a r e s u l t  of  pene t r a t ing  r ad ia t ion ,  
e spec ia l ly  i t s  e f f e c t  on the  r ad ia t ion  reac t ions  of t he  ves t ibu la r  apparatus.  
High demands are made on the  v e s t i b u l a r  appara tus-an t igrav i ta t iona l  muscle /93 
system during space f l i g h t .  

The purpose of our  work w a s  t o  s tudy the  combined e f f e c t s  of v ib ra t ion  and 
acute  i r r a d i a t i o n  on t h e  v e s t i b u l a r  apparatus of m a l e  guinea p igs  weighing 350- 
500 g. The animals w e r e  divided i n t o  two groups. One ( 9 )  w a s  exposed t o  irra- 
d i a t i o n  once 20-30 min after vibration,and 23-24 hours la ter  subjected t o  vibra- 
t i o n  again. The second group of  guinea p igs  ( 5 )  w a s  the  control.. I r r a d i a t i o n  

w a s  acu te ,  whole-body, wi th  500 r of Co60 y-rays de l ivered  a t  a rate of  261 
r/min. 

Vibrat lon w a s  v e r t i c a l  w i th  a frequency of 70 cps and amplitude of 0.4 mm, 
appl ied for 15 min each t i m e .  

The animals w e r e  examined 10-14 days before exposure and u n t i l  they d i e d  
9-14 days a f t e r  exposure. 

Besides inves t iga t ing  the  ves t ibu la r  func t ion ,  we  checked t h e  per iphera l  
blood, weight, temperature,  general  c l i n i c a l  condi t ion and su rv iva l  time of the 
animals. A l l  r e s u l t a n t  da t a  w e r e  processed by the  methods of nonparametric 
s t a t i s t i c s .  

Vest ibular  func t ion  w a s  s tud ied  by means of electro-myographic recordings 
from a group of a n t i g r a v i t a t i o n a l  muscles ( f lexors )  i n  the  hind l eg ,  following 
adequate s t imula t ion  of t h e  receptors  of t he  ves t ibu la r  apparatus.  

The methods of recording EMGs, adequately s t imulat ing the  v e s t i b u l a r  
analyzer  and analyzing the  r e s u l t s ,  have been described i n  the  preceding ar- 
t i c l e .  

The combined ac t ion  i n t e n s i f i e d  the  spontaneous background e l e c t r i c  ac- 
t i v i t y  of t he  muscles under study. The changes pe r s i s t ed  v i r t u a l l y  u n t i l  t he  
animals died.  E l e c t r i c  a c t i v i t y  decreased only i n  the  per iod preceding death.  
The d i f f e rence  from the  con t ro l  was s t a t i s t i c a l l y  s i g n i f i c a n t  both i n  variance 
and i n  c e n t r a l  d i r e c t i o n  (P < 0.01). The variance increased w h i l e  t he  median 
sh i f t ed  upward. 
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Figure 1. Changes i n  background e l e c t r i c  a c t i v i t y  of  mus- 
c l e s  i n  hind l e g s  of guinea p i g s  a f t e r  combined ac t ion .  
1- -cont ro l  group; 2--group exposed t o  the  combined ac t ion ;  
3---fibrated group; 4 - - i r r ad ia t ed  group. Abscissa--time after 
s c t i o n  i n  days; ordinate--magnitude of e l e c t r i c  a c t i v i t y  
expressed i n  r e l a t i v e  u n i t s .  F i r s t  arrow des igna tes  e f f e c t  
of v ib ra t ion  and i r r a d i a t i o n ;  second arrow, only  v ib ra t ion .  

Thus, after combined a c t i o n  the  background myoelectr ic  a c t i v i t y  changed i n  
the  same d i r e c t i o n  and on about t he  s a m e  s c a l e  as a f te r  the  a c t i o n  of v i b r a t i o n  
s lone .  Vibrat ion had such a powerful e f f e c t  on t h e  r a d i a t i o n  r eac t ion  t h a t  i t  
assumed the  lead ing  role i n  t h e  combined a c t i o n  and u n t i l  t h e  predeath per iod 
masked the  e f f e c t  of  i r r a d i a t i o n ,  completely d i s t o r t i n g  i t s  charac te r .  

The changes observed a f t e r  the  combined a c t i o n  w e r e  s i g n i f i c a n t l y  d i f -  /94 
f e r e n t  from those which followed i r r a d i a t i o n  (P  < 0.01), but  the d i f f e r -  
ences Pron the  r e s u l t s  of  v ib ra t ion  l a y  on t h e  border l ine  of  s ign i f i cance  (P < 
9. "5). 

Figure 2 shows the  changes i n  e lec t r ic  a c t i v i t y  o f  t h e  same muscles during 
adequate s t imu la t ion  of  t h e  v e s t i b u l a r  apparatus  by graduated rocking around the  
long i tud ina l  axis of' t h e  body. It i s  c l e a r  f r o m  t h e  graph t h a t  t h e  changes here  
vere  wavelike i n  nature .  The myoelectr ic  r eac t ion  t o  v e s t i b u l a r  s t imu la t ion  de- 
creased s l i g h t l y  t h e  first f e w  days a f te r  t h e  combined ac t ion ,  then increased,  
b u t  a l i t c l e  l a t e r  (and u n t i l  dea th)  aga in  decreased somewhat. The changes 
noted i n  t h e  r eac t ion  w e r e  i r x i g n i f i c a n t .  The c e n t r a l  d i r e c t i o n  of  t he  devia-  
t i o n s  w a s  s ca rce ly  d i f f e r e n t  from t h a t  o f  t h e  con t ro l ,  and t h e  value of t h e  
median f o r  the  experimental  animals s h i f t e d  downward very s l i g h t l y  (P 9.05). 
However, t he  changes i n  var iance d i f fe red  s i g n i f i c a n t l y  f r o m  those  i n  t h e  con- 
trol (P < 0.01). 

The combined ac t ion  o f  v ib ra t ion  and i r r a d i a t i o n  took an intermediate  posi-  
t i o n  between the  i s o l a t e d  e f f e c t  of  e i t h e r  agent.  During t h e  f irst  two days 
a f t e r  the combined ac t ion ,  t he  e f f e c t  of v ib ra t ion  seemed t o  predominate i n  t h e  
r eac t ion  ( the  curve proceeds i n  t h e  same d i r e c t i o n  as a f t e r  vibration--compare 
t h e  a r t i c l e  i n  t h i s  c o l l e c t i o n  on t h e  s u b j e c t ) .  But w i th  t h e  onset  of  - / 95  
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Figure 2. Changes i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  of muscles 
i n  hind l e g s  of guinea p i g s  during adequate s t imula t ion  of 
t he  v e s t i b u l a r  apparatus  a f t e r  combined ac t ion .  
Symbols same as i n  f-igure 1. 

r a d i a t i o n  s ickness ,  t h e  changes followed the  d i r e c t i o n  of t he  r a d i a t i o n  e f f e c t .  
The curve r e f l e c t i n g  t h e  r e s u l t s  of t h e  combined ac t ion  l i e s  above the  curve of 
t he  v ib ra t ion  changes, bu t  much below t h e  curve of  t h e  r a d i a t i o n  changes. The 
curve of  t he  complex ac t ion  does not  d i f f e r  s i g n i f i c a n t l y  i n  c e n t r a l  d i r e c t i v i -  
t y  from t h e  v ib ra t ion  and i r r a d i a t i o n  curves.  The median o f  t h e  changes i n  the  
animals subjected t o  t h e  combined ac t ion  l i es  j u s t  a l i t t l e  h igher  than the  
median of the  changes af ter  v ibra t ion ,  and a l i t t l e  lower than t h a t  after i r ra -  
d i a t i o n .  With respec t  t o  t h e  var iance test, t he  d i f f e rence  between t h e  iso-  
l a t e d  and combined ac t ion  of  v ib ra t ion  and acute  i r r a d i a t i o n  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t  (P < 0.01). With respec t  t o  the  values  of  t h e  var iance ( f i g .  3),  
the  combined ac t ion  a l s o  c l e a r l y  occupies an intermediate  p o s i t i o n  between the  
i s o l a t e d  and combined a c t i o n  of t h e  two f a c t o r s .  The var iance of  t h e  values  
of e l e c t r i c  a c t i v i t y  i n  response t o  v e s t i b u l a r  s t imula t ion  a f t e r  the  combined 
ac t ion  i s  much g r e a t e r  than t h e  var iance o f  these  values a f t e r  v ib ra t ion  but  
i s  less a f t e r  i r r a d i a t i o n .  

/97 The d a t a  are somewhat heterogeneous f o r  ind iv idua l  animals i n  t he  
group exposed t o  the  combined ac t ion ,  but  the  heterogenei ty  fol lows no 
l a w ,  nor i s  it as g r e a t  as after i r r a d i a t i o n  alone.  There w e r e  no cases  of a 
severe pa thologica l  i n t e n s i f i c a t i o n  of  t he  r eac t ion  t o  ves t ibu la r  s t imula t ion ,  
as w e  observed after i r r a d i a t i o n .  

Changes i n  the  i n t e g r a l  e l e c t r i c  a c t i v i t y  of  t he  muscles i n  the  afteref- 
f e c t  of t he  r eac t ion  t o  test  v e s t i b u l a r  s t imula t ion  are shown i n  f i g u r e  4. 
ter  the  combined ac t ion ,  myoelectric a c t i v i t y  decreased s l i g h t l y ,  e s p e c i a l l y  
during t h e  first two days. The devia t ions ,  however, w e r e  q u i t e  i n s i g n i f i c a n t ,  

Af- 
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Figure 3. Variance of values  of e l e c t r i c  a c t i v i t y  of mus- 
c l e s  i n  hind l e g s  of guinea p igs  during v e s t i b u l a r  s t imula-  
t i o n  ( A )  before  and (B) a f t e r  combined ac t ion .  
1--control  group; 2--vibrated group; 3 - - i r r ad ia t ed  group; 
&-group exposed t o  combined ac t ion .  Figures on ordinate--  
values of  var iance.  
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Figure 4. Changes i n  i n t e g r a l  e l e c t r i c  a c t i v i t y  of muscles 
i n  hind l e g s  of  guinea p i g s  during a f t e r e f f e c t  of r eac t ion  
t o  ves t ibu la r  s t imula t ion  after combined ac t ion .  
Symbols same as i n  f i g u r e  1. 

and n e i t h e r  i n  variance nor i n  median d id  they d i f f e r  s i g n i f i c a n t l y  from t h e  
cont ro l .  It w i l l  be r eca l l ed  t h a t  i r r a d i a t i o n  alone e f f ec t ed  s t a t i s t i c a l l y  
s i g n i f i c a n t  changes i n  e l e c t r i c  a c t i v i t y  during the  a f t e r e f f e c t ,  b u t  v i b r a t i o n  
alone d i d  not  do  so. Thus, here as i n  t h e  background e l e c t r i c  a c t i v i t y ,  vibra- 
t i o n  so s t rong ly  a l t e r e d  the  r a d i a t i o n  e f f e c t  t h a t  the  inf luence of i r r a d i a t i o n  
was almost completely concealed. Figure 5 shows t h e  changes i n  du ra t ion  of  t h e  



Figure 5 .  Changes i n  dura t ion  of  l a t e n t  per iod of  r eac t ion  
t o  adequate s t imula t ion  of v e s t i b u l a r  apparatus a f t e r  com- 
bined ac t ion .  
Ordinate--duration of  l a t e n t  per iod expressed i n  r e l a t i v e  
u n i t s .  Symbols same as i n  figure 1. 

l a t e n t  per iod of t he  r eac t ion  t o  adequate s t imula t ion  of  t he  v e s t i b u l a r  appara- 
t u s  a f t e r  t h e  combined ac t ion .  

During the  f i rs t  week af ter  t h e  combined ac t ion ,  the  l a t e n t  period of  
myoelectric reac t ion  remained wi th in  the  range of changes i n  the  cont ro l .  
Nei ther  i n  c e n t r a l  d i r e c t i v i t y  (P > 0 . 5 )  nor  i n  spread o f  values (P > 0.05) was 
t he re  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rence  f r o m  t h e  cont ro l .  Once again w e  
encounter t he  i n t e r e s t i n g  phenomenon where a combined ac t ion  u n i t l n g  t h e  charac- 
t e r i s t ics  of two f a c t o r s  w i t h  an  opposi te  e f f e c t  on the  du ra t ion  of t h e  l a t e n t  
period (v ib ra t ion  shortens the  l a t e n t  per iod while  i r r a d i a t i o n  lengthens it) 
does not  cause changes s i g n i f i c a n t l y  d i f f e r e n t  from those i n  t h e  con t ro l .  

The l a t e n t  per iod  of t h e  v e s t i b u l a r  r e a c t i o n  of  t h e  animals exposed t o  the 
combined ac t ion  increased sharp ly  only a f t e r  a r e l a t i v e l y  long i n t e r v a l  of t i m e ,  
j u s t  before  they died.  P r i o r  t o  death,  t h e  masking inf luence of  v ib ra t ion  ap- 
pa ren t ly  disappeared, and t h e  symptoms of acute  r a d i a t i o n  s ickness  became ev i -  
dent .  With the  combined ac t ion ,  v ib ra t ion  a l t e r e d  t h e  r ad ia t ion  e f l e c t  t o  such 
an ex ten t  t h a t  t he  curve r e f l e c t i n g  t h e  d a t a  obta5ned a f t e r  the  combined a c t i o n  
d i f f e r e d  s i g n i f i c a n t l y  from t h a t  showing the  changes t h a t  ensued a f t e r  i r r a d i a -  
t i o n  alone (P < 0.01). 

The same r e l a t i o n s  can be seen i n  f i g u r e  6A, which presents  t h e  mean /99 
: d u e s  of t he  l a t e n t  per iod a f t e r  the  ac t ion  i n  percentages of t he  cor- 
responding mean values before the  ac t ion .  The mean l a t e n t  per iod w a s  longer  
among t h e  animals exposed t o  t h e  combined ac t ion  than among t h e  animals subjec t -  
ed t o  v ib ra t ion ,  bu t  s h o r t e r  than  among t h e  i r r a d i a t e d  animals; i . e . ,  t h e  r e s u l t  
of t h e  combined ac t ion  T e l l  between t h e  r e s u l t s  of  v ib ra t ion  and i r r a d i a t i o n .  
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Figure 6 .  
ac t ion  to tes t  s t imula t ion  of v e s t i b u l a r  apparatus af ter  
ac t ion  i n  percent  of t h e i r  mean values before  ac t ion .  
A- - l a t e n t  per iod ; B- - af tere ff  ec t ; 1- -cont ro l  group ; 2- - 
vibrated group; 3- - i r rad ia ted  group; 4--group exposed t o  
the  combined a c t i o n .  V e r t i c a l  l i n e s  designate  t r ip le  sta- 
t i s t i c a l  e r r o r  of mean value. 

Duration of l a t e n t  per iod and a f t e r e f f e c t  of  re-  

Thus, the  mean value of  t he  l a t e n t  per iod of t h e  r eac t ion  under s tudy d i d  not 
d i f f e r  s i g n i f i c a n t l y  f r o m  the  con t ro l  after the  combined ac t ion .  

The combined a c t i o n  w a s  followed i n i t i a l l y  by a marked increase  i n  dura- 
t i o n  of the  a f t e r e f f e c t  ( f i g .  7 ) .  Five days la ter  i t  shortened considerably.  
Here a l s o  v ib ra t ion  w a s  more prominent, and the  r e s u l t s  of  the  combined ac t ion  
w e r e  subordinated to i t s  inf luence.  It was only a f t e r  a l l  the  symptoms of 
r ad ia t ion  s ickness  had become manifest ,  t h a t  t h e  combined e f f e c t s  began t o  
assume the  c h a r a c t e r i s t i c s  of pene t r a t ing  r ad ia t ion .  W e  should l i k e  t o  
po in t  ou t  t h a t  t he  increased dura t ion  of t h e  a f t e r e f f e c t  of the  ves t ibu la r -  
t on ic  r eac t ion  t y p i c a l  of  the  first per iod w a s  not  as p e r s i s t e n t  a s  after vibra-  
t i o n .  The d a t a  on ind iv idua l  animals wi th in  the  group are somewhat heterogene- 
ous,  l i k e  those f o r  t h e  first period of t i m e .  

/S90 

The observed changes d i f f e r e d  s i g n i f i c a n t l y ,  however, from t h e  c o n t r o l  
(P < 0.01). Accordingly, the  r e s u l t s  of t h e  combined ac t ion  l i k e w i s e  d i f f e r e d  
s i g n i f i c a n t l y  from t h e  r e s u l t s  obtained a f t e r  t h e  a c t i o n  of v ib ra t ion  or irra- 
d i a t i o n  (P < 0.01). 

Figure 6B shows t h e  mean dura t ion  of the  a f t e r e f f e c t  following the  com- 
bined a c t i o n  i n  percentages of t he  normal dura t ion  of t h e  a f t e r e f f e c t .  

The r e s u l t s  of  t he  combi.ned a c t i o n  occupies an intermediate  p o s i t i o n  be- 
tween t h e  r e s u l t s  of t h e  i s o l a t e d  e f f e c t  of v i b r a t i o n  and i r r a d i a t i o n .  
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Figure 7. Changes i n  dura t ion  of a f t e r e f f e c t  of r eac t ion  
t o  adequate s t imula t ion  of v e s t i b u l a r  apparatus  after com- 
bined ac t ion .  
Ordinate--duration of  a f t e r e f f e c t  expressed i n  r e l a t i v e  
u n i t s .  Other symbols same as i n  f i g u r e  1. 

Whereas t h e  r a d i a t i o n  changes i n  t h e  myoelectr ic  r eac t ion  t o  adequate s t i m -  
u l a t i o n  of t h e  v e s t i b u l a r  apparatus following the  combined ac t ion  were more o r  
less o b l i t e r a t e d  by v ibra t ion ,  the c l i n i c a l  course and outcome of r a d i a t i o n  
s ickness  d id  not  fol low t h i s  p a t t e r n .  

All animals exposed t o  t h e  combined ac t ion  died.  The changes i n  pe r iphe ra l  
blood, weight, and general  condi t ion  of  t h e  animals w e r e  c h a r a c t e r i s t i c  of 
acute  r a d i a t i o n  s ickness .  There w e r e  no spontaneous deaths  among t h e  con t ro l  
animals. F luc tua t ions  i n  weight and composition o f p e r i p h e r a l  blood w e r e  wi th in  
noma1 l i m i t s .  The d i f f e rence  between the  experimental  and con t ro l  animals w a s  
s ta t i s t ica l ly  s i g n i f i c a n t  f o r  a l l  t hese  ind ices .  

It i s  d i f f i c u l t  t o  speak wi th  assurance about t h e  c l i n i c a l  d i f f e rences  from 
t h e  a c t i o n  of i r r a d i a t i o n  alone because of  t h e  comparatively s m a l l  number of 
animals used. W e  w e r e  unable t o  d e t e c t  any s i g n i f i c a n t  d i f f e rences  between the 
su rv iva l  rate of animals exposed t o  the  combined a c t i o n  and t h a t  of animals ex- 
posed t o  i r r a d i a t i o n  alone, because a l l  animals i n  t h e  f i rs t  group d i e d  (between 
t h e  9 t h  and 12th days) as compared wi th  only one i n  t h e  second group. 
only say  t h a t  t he  animals i n  t h e  f i rs t  group Bled  one or two days before  those 
i n  the irradiated group. 

W e  can 

The course of  the  r a d i a t i o n  sfckness ,  judging by t h e  genera l  c l i n i c a l  con- 
d i t i o n ,  w a s  more severe i n  the  animals exposed t o  the combined ac t ion .  There 
w e r e  no s i g n i f i c a n t  d i f fe rences  i n  weight or per iphe ra l  blood, whether t he  ani-  
m a l s  w e r e  exposed t o  t h e  combined a c t i o n  or t o  r a d i a t i o n  alone. 
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The r e s u l t s  o f  o u r  i nves t iga t ion  ind ica t e  t h a t  when t h e  organism i s  sub- 
jec ted  to a combination of  acute  pene t r a t ing  r a d i a t i o n  and v ib ra t ion ,  t he  

r ad ia t ion  r eac t ions  and it d i s t o r t s  them. After t h e  combined a c t i o n  t h e  
v ib ra t ion  changes w e r e  u sua l ly  the  more prominent. The r a d i a t i o n  e f f e c t s  were 
masked by those of v ib ra t ion  e i t h e r  i n  t h e  immediate per iod  t h e r e a f t e r  (changes 
i n  the  l a t e n t  per iod  and du ra t ion  of t he  a f t e r e f f e c t )  or throughout t h e  experi-  
ment u n t i l  t h e  animals died (cF-anges i n  background i n t e n s i t y  of t h e  muscle bio- 
cu r ren t s ) .  Sometimes t h e  r e s u l t s  of the  combined a c t i o n  seemed t o  b e  an a lge-  
b ra i c  summation of t he  r e s u l t s  of  t h e  i s o l a t e d  a c t i o n  of t h e  two agents  (elec- 
t r i c  a c t i v i t y  o f  t h e  ves t ibu la r - ton ic  r eac t ion  and i t s  a f t e r e f f e c t ) .  I n  t hese  
cases  v ib ra t ion  c rea ted  the  semblance of well-being, f o r  t h e  changes remained 
. : ir tually wi th in  normal l i m i t s  u n t i l  t h e  animals d ied .  

l a t te r  has by fa r  t h e  more s i g n i f i c a n t  in f luence  on the  course of' t he  /191 

Can v ib ra t ion  actua.lly iriprove the  condi t ion  of an i r r a d i a t e d  animal and 
mi t iga te  the  e f f e c t s  of acute  r ad ia t ion  sickness? Our d a t a  do not  enable  u s  t o  
give a d e f i n i t e  answer t o  t h i s  quest ion.  W e  a l s o  f a i l e d  t o  f i n d  any p e r t i n e n t  
information i n  the l i t e r a tu re .  

I Conclusions 

I. The combined a c t i o n  of double app l i ca t ions  of v ib ra t ion  and y- 
i r r a d i a t i o n  wi th  a dose of 500 r increases  the  spontaneous e l e c t r i c  a c t i v i t y  
of muscles i n  t he  hind l e g  of  guinea p igs  i n  a s ta te  of r e l a t i v e  rest. 

2. The e l e c t r i c  a c t i v i t y  of these  muscles during and i n  the  a f t e r e f f e c t  
of t h e  r eac t ion  to  adequate s t imu la t ion  of t h e  v e s t i b u l a r  apparatus  a f te r  the  
combined a c t i o n  does not  change s i g n i f i c a n t l y  (as compared wi th  the  cont ro l ) .  

3. The l a t e n t  per iod  of t h e  myoelectr ic  r eac t ion  t o  v e s t i b u l a r  s t imula-  
t i o n  increases  a f t e r  t h e  combined a c t i o n  only s h o r t l y  before  the  animals d i e .  

4. The dura t ion  of t h e  aftereffect  o f  t h i s  r eac t ion  fol lowing t h e  com- 
bined a c t i o n  of  v ib ra t ion  and i r r a d i a t i o n  increases  the  first 5 days, b u t  then 
sharp ly  decreases .  

5. I n  t h e  case o f  t h e  combined a c t i o n  of v i b r a t i o n  and acute  i r r a d i a t i o n ,  
v ib ra t ion  always s i g n i f i c a n t l y  changes the  r a d i a t i o n  effects. 

6. There are no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  between t h e  e f f e c t s  
of the  combined ac t ion  o f  i r r a d i a t i o n  and v i b r a t i o n  and those  of  i r r a d i a -  
t i o n  alone,  as f a r  as t h e  composition of t h e  pe r iphe ra l  blood, weight,  genera l  
c l i n i c a l  condi t ion  and s u r v i v a l  t i m e  of t h e  animals are concerned. 
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EFFECT OF ACUTE WHOU-BODY y-IRRADIATION ON EXCITABILITY 
OF TRE SPINAL REFLEX ARC 

M. A. Kuznetsova 

ABST€ZACT 

To ta l  y - i r r a d i a t i o n  wi th  500 r caused an increase  of 
t he  l a t e n t  per iod of  motor defense r e f l exes  i n  guinea p i g  
ex t remi t ies .  A t  the  same t i m e ,  noma1 r e l a t i o n  between 
s t imula t ion  i n t e n s i t y  and t h e  s t r eng th  of  response w a s  pre- 
served. The e x c i t a b i l i t y  threshold of the  r eac t ion  in-  
creased i n  one group o f t h e  animals a f t e r  i r r a d i a t i o n ,  and 
decreased i n  t h e  othergroup,  but these  changes w e r e  no t  
s ta t is t ical ly  s i g n i f i c a n t .  Corre la t ion  between the  dy- 
namics of changes i n  e x c i t a b i l i t y  thresholds  and of l a t en -  
cy w a s  not observed. 

This a r t i c l e  contains  add i t iona l  materials dea l ing  wi th  inves t iga-  f 103 
t i o n s  on t h e  e f f e c t  of ion iz ing  r a d i a t i o n  on t h e  func t iona l  state of the  
s p i n a l  reflex a rc .  

Method 

The experimental animals w e r e  13 male guinea p igs  weighing 350-500 g. One 

group w a s  exposed t o  s i n g l e  whole-body i r r a d i a t i o n  wi th  500 r of  Co60 a t  a rate 
of 261 r/min. The threshold of  e x c i t a b i l -  
i t y  and l a t e n t  per iod of  t he  unconditioned defense f l e x o r  reflex w e r e  s e l ec t ed  
as t h e  ind ices  of s p i n a l  reflex a r c  func t ion .  The l a t e n t  per iod w a s  recorded 
accura te  t o  0.5 msec by ou r  method (Kuznetsova, 1961) as modified by V. P. 
Godin and S .  I. Gorshkov (1958). 

The o t h e r  group served as cont ro l .  

The guinea p igs  w e r e  placed i n  a chamber wi th  a movable cover held t i g h t l y  
t o  t h e  animals '  back. When the  cover moved, t h e  mercury contac t  w a s  broken, 
thus i n t e r r u p t i n g  t h e  c i r c u i t  of t h e  cur ren t  Ted t o  counters .  The l a t e n t  p e r i -  
od w a s  determined from the  number of impulses suppl ied by  a ZG-2 genera tor  and 
recorded by s c a l a r s  i n  t h e  i n t e r v a l  between t h e  app l i ca t ion  of pa in  and t h e  
f i rs t  s l i g h t  twitching of t h e  animal. I n  o the r  respec ts ,  t he  method was t h e  
same as t h a t  described ear l ier  (Kuznetsova, 1961). Pa in fu l  e lectrocutaneous 
s t imula t ion  of  t h e  hind leg  w a s  achieved wi th  p l a t e  e lec t rodes .  
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3. The phys ica l ly  cons tan t  s t imulus of g r e a t  i n t e n s i t y  w a s  more or less 
equal under normal circumstances t o  t h e  threshold  value mul t ip l ied  by 13. The 
dura t ion  of t h e  s t imula t ing  impulse w a s  - 9.03 see  i n  a l l  cases .  

The design of  t he  experitr-ent w a s  as follows: I 
(1) determinat ion of t h e  threshold and establ ishment  of the  value of the  

r e f l e x  of  constant  phys io logica l  i n t e n s i t y ;  
I 

(2 )  determinat ion of t h e  l a t e n t  per iod  of t he  r e f l e x  t o  the phys io logica l -  
l y  constant  s t imulus (3 measurements); 

(3 )  second determinat ion of  t he  threshold;  

(4 )  determinat ion of  t h e  l a t e n t  per iod  of  t h e  reflex t o  t h e  phys ica l ly  
constant  s t imulus of moderate i n t e n s i t y  (3 measurements); 

( 5 )  determinat ion o f  t h e  l a t e n t  per iod of  t h e  r e f l e x  t o  the  phys ica l ly  
constant  s t imulus of g r e a t  in - tens i ty  ( 2  measurements). 

Af te r  the l i m i t s  o f  f l u c t u a t i o n s  i n  t h e  l a t e n t  per iod of  the r e f l e x  w e r e  
e s t ab l i shed  under noma1 condi t ions over  a per iod of 1-2 weeks (3-4 experi- 
ments), the  animals w e r e  irradiated and examined 1, 2, 3, 5 ,  7, 10, 12 and 15 
days l a t e r .  

A t  t h e  sane t i m e  t h a t  w e  inves t iga ted  t h e  parameters,  w e  checked the  
pe r iphe ra l  blood, weight,  temperature and c l i n i c a l  condi t ion  of  t h e  anim-als. 
To f a c i l i t a t e  a comparison of t h e  r e s u l t s  obtained i n  t h e  groups of  animals 
??ith a d i f f e r e n t  l e v e l  and v a r i a b i l i t y  of  t h e  parameters under s tudy,  each 
absolu te  value measured after the  a c t i o n  w a s  expressed as a percentage of the  
dev ia t ion  f r o m  t he  mean o r i g i n a l  value of t h i s  parameter.  The percentage 
Sevia t ion  w a s  d ivided by the  mean group spread o f  t hese  values  before  t h e  ac- 
t i o n s .  The r e s u l t s  w e r e  s t a t i s t i c a l l y  processed by the  median and X-square 
cr i ter ia .  

Ee s u l t  s 

The d a t a  obtained from t h e  con t ro l  throughout t h e  observa t ion  per iod  are 
presented i n  f i g u r e s  1 and 2, 

A s t imula t ing  e lec t rode  2.3  mtn2 i n  s i z e  w a s  a t tached t o  the lower p a r t  of 

the shinbone while an i n d i f f e r e n t  e l ec t rode  16.5 nm2 i n  s i z e  w a s  placed on 
5h.e be l ly .  An ac cur ren t  from a tone genera tor  w i t h  a frequency of  13313 
cps i n  t h r e e  grada t ions  w a s  used as t h e  s t imulus.  

/194 

1. The s t imulus of constant  phys io logica l  i n t e n s i t y  w a s  always equal  t o  
t h r e e  times the  threshold value.  

2. The phys ica l ly  constant  s t imulus of moderate i n t e n s i t y  w a s  equa l  under 
normal circumstances t o  t h e  threshold value mul t ip l ied  by 6. 
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Figure 1. Changes i n  value of l a t e n t  period of f l e x o r  r e -  
f lex (A)  and i n t e n s i t y  of th reshold  stimulus (B) i n  c o n t r o l  
animals. 
1 - - i n t e n s i t y  of th reshold  stimulus i n  animals wi th  exception 
of guinea p igs  Nos. 62 and 69; 2--in e n t i r e  group; 3-- dura- 
t i o n  of l a t e n t  period of t h e  r eac t ion  t o  weak phys io logica l -  
l y  constant stimulus; 4--to moderate and 5--to s t rong  physi- 
c a l l y  cons tan t  s t i m u l i .  
Abscissas--time i n  days; ord ina tes :  top--duration of l a t e n t  
period i n  r e l a t i v e  u n i t s ;  bot tom--intensi ty  of th reshold  
stimulus i n  r e l a t i v e  u n i t s .  Arrow des igna tes  day when ex- 
perimental  animals were i r r a d i a t e d .  

Analysis of t h e  r e s u l t s  shows t h a t  most con t ro l  animals displayed no 
marked devia t ions  of t h e  threshold  of e x c i t a b i l i t y  from the  o r i g i n a l  l e v e l  
( f i g .  1; 1). 
observed Ln only  two animals ( f i g .  2; 5 and 6 ) .  The mean changes i n  l a t e n t  
period of t he  r eac t ions  t o  the  phys ica l ly  constant s t i m u l i  w e r e  mainly 
wi th in  the  mean group dev ia t ion  ( f i g .  1; 4 and 5 ) .  I n  the  case of t h e  
marked devia t ions  of t h e  value of t he  l a t e n t  per iod from t h e  o r i g i n a l  back- 
ground, no connection was discovered between them and t h e  changes i n  threshold 
of e x c i t a b i l i t y  ( f i g .  2; 7, 71, 8 and 8 1 ) .  I n  t h e  animals w i t h  a sharp rise i n  
t h e  threshold of e x c i t a b i l i t y ,  t he  l a t e n t  period of t h e  r e a c t i o n  t o  t h e  s t rong  
stimulus not only d id  not  lengthen, bu t  it even f e l l  below t h e  o r i g i n a l  l e v e l  
( f i g .  2; 6 and 6 1 ) .  However, t he re  w a s  marked lengthening of the  l a t e n t  period 
i n  the r eac t ion  of t he  same animals  t o  the  st imulus of moderate i n t e n s i t y .  H e r e  
a l s o  it w a s  not caused by a d r a s t i c  change i n  t h e  threshold  of e x c i t a b i l i t y ,  as 
confirmed by the  resemblance between these  changes and t h e  changes i n  v a l u e  of 
t h e  l a t e n t  period of t h e  r eac t ion  t o  the  phys io log ica l ly  constant st imulus ( f i g .  
2; 1, 3 and 5). 

A sharp inc rease  i n  t h e  i n t e n s i t y  of t h e  threshold stimulus w a s  

/io6 

Thus, even s i g n i f i c a n t  changes i n  threshold  of e x c i t a b i l i t y  i n  t h e  con t ro l  
animals were not a dec i s ive  f a c t o r  i n  changing t h e  l a t e n t  period of t h e  r eac t ion  
t o  the  s t i m u l i  t h a t  we applied.  The changes I n  threshold  of e x c i t a b i l i t y  became 
of some s ign i f i cance  only i n  cases where t h e  phys ica l ly  constant st imulus under 
normal condi t ions  w a s  similar i n  i n t e n s i t y  t o  the weak phys io logica l ly  cons tan t  
st imulus ( f i g .  2j  2 ) .  

The l a t e n t  period of t h e  r eac t ion  t o  the  weak phys io logica l ly  cons tan t  
st imulus a lso f a i l e d  t o  change s i g n i f i c a n t l y  i n  most of the  animals ( f i g .  1; 3) ,  
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Figure 2. Relat ionskip between changes i n  value of thresh-  
old s e n s i t i v i t y  and i n  dura t ion  of  l a t e n t  per iod of f l e x o r  
r e f l e x  i n  con t ro l  animals.  
A--duration of  la ten t ,  per iod i n  guinea p ig  No. 69 i n  reac- 
t i ons :  1--to phys io l~ogica l ly  constant  s t imulus;  2--t0 t h e  
w e a k  s t imulus,  normally equal  t o  3 thresholds;  3-- to  moder- 
a t e ;  k - t o  s t rong  phys ica l ly  constant  s t imulus.  
B-- in tens i ty  of threshold s t imulus:  5-- in  guinea p i g  No. 
69; 6--  i n  guinea p i g  N o .  62; "--in guinea p i g  No. 60; 8-- 
i n  guinea p ig  No.  71. 
C--duration of laten: per iod i n  reac t ions  of: 
p i g  N o .  62 t o  s t rong phys ica l ly  constant  st imulus;  7'-- 
guinea p i g  N o .  60 t o  moderate phys i ca l ly  constant  s t imulus;  
8 ' - -guinea p i g  N o .  71 t o  moderate phys i ca l ly  constant  
s t imulus.  
Abscissas--time i n  days; ord ina tes :  A and C--latent per iod 
i n  r e l a t i v e  u n i t s ;  B-- in tens i ty  of  threshold s t imula t ion  i n  
r e l a t i v e  u n i t s .  Arrows designate  days on which experimen- 
t a l  animals w e r e  i r r a d i a t e d .  

6 ' - -guinea 

and only i n  two animals did t h i s  parameter rise s l i g h t l y  above t h e  o r i g i n a l  
l e v e l  ( f ig .  2; 1). As f o r  the  r eac t ions  t o  a l l  t h r e e  s t imu l i ,  t h e r e  was a 
tendency f o r  t h e  l a t e n t  per iod t o  con t r ac t  i n  the  course of work (phenomenon 
of f a m i l i a r i z a t i o n ) .  
l u s  than it w a s  for t h e  o the r  two s t imul i .  Analysis o f ' t h e  experiments with 
impairment of the  c o r r e c t  i n t e n s i t y  r e l a t i o n s  between the  reac t ions  t o  the  
s t rong  snd weak stimuli '  showed t h a t  . i n  t h e  course of work the  i n t e n s i t y  
relations s t a b i l i z e d  and improved (fzg.  3 ) .  

This  terdency w a s  more pronounced for t h e  s t rong  stimu- 

/lo7 

I 
L I n  almost a l l  experiments t he  phys io logica l ly  constant  s t imulus w a s  w e a k e r  than 
t h e  phys ica l ly  constant  st imulus.  The rare ins t ances  i n  which the  d i f f e rence  be- 
tween t h e  values  of these  s t i r i u l i  l eve led  out  a f t e r  a sharp r ise i n  the  threshold 
were ignored i n  processing the  material. 
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Figure 3. Disturbance of f o r c e  r e l a t ionsh ips  on ir- 
rad ia ted  and noni r rad ia ted  animals (quan t i ty  of  tes ts  
shown i n  pe rcen t ) .  
A--control; B--experimental groups o f  animals. 
I n  experimental  group: 1--before ac t ion ;  2- -a f te r  ir- 
rad ia t ion ;  i n  con t ro l  ( 1  and 2) the  inves t lga t ion  took 
p lace  i n  the  same period as i n  t h e  experimental group. 

Thus, although the  dura t ion  o f t h e  l a t e n t  per iod o f  t h e  reac t ions  t o  the  
t h r e e  s t i m u l i  a l s o  d i f f e r e d  somewhat from t h e  o r i g i n a l  background, the  
changes were s l i g h t  and f o r  a l l  t he  s t i m u l i  varied wi th in  narrow l i m i t s .  S ta -  
t i s t i c a l  processing confirmed the l ack  of s i g n i f i c a n t  changes i n  the  r eac t ions  
t o  a l l  t h ree  s t imu l i  by the  con t ro l  animals during the  observat ion per iod.  

Figures  4 and 5 show the  changes i n  i n t e n s i t y  of t he  threshold s t imulus  i n  
t h e  i r r a d i a t e d  animals. The curves ind ica t e  t h a t  i r r a d i a t i o n  caused d e f i n i t e  
changes i n  the  thresholds  of e x c i t a b i l i t y ,  al though these  changes w e r e  not  /lo8 
s t a t i s t i c a l l y  s i g n i f i c a n t .  

The experimental  animals w e r e  divided i n t o  two more or less equal  groups 
according t o  t h e  nature  of t h e  r eac t ion .  One group (4 guinea p i g s ) ,  s t a r t i n g  
the  3rd t o  5 th  days a f te r  the  ac t ion ,  exhib i ted  a gradual  lowering of  exc i t a -  
b i l i t y  with a sharp decrease Tn ind iv idua l  animals j u s t  before  dea th  ( f i g .  4 A ) .  
The o t h e r  group, however, showed a decrease i n  t h e  value of the threshold 
s t imulus a f t e r  i r r a d i a t i o n  ( f i g .  4B). The sharpes t  drop i n  t h e  threshold of  ex- 
c i t a t i o n ,  s t a r t i n g  t h e  f i rs t  day a f t e r  the  ac t ion ,  w a s  noted i n  guinea p i g  No. 
65 ,  t he  only animal t o  survive the  exposure. 
remained a t  t h i s  low l e v e l  f o r  a week and then  gradual ly  re turned t o  normal. 

The threshold  of e x c i t a b i l i t y  

The threshold of e x c i t a b i l i t y  i n  t h i s  group of  animals d id  not  always rise 
i n  the  predeath per iod.  For example, guinea p i g  No.  64 died wi th  low va lues  
o f  t h e  threshold s t imulus.  

A s  i n  t h e  con t ro l  animals, t h e  changes i n  threshold  of e x c i t a b i l i t y  gener- 
a l l y  w e r e  no t  co r re l a t ed  wi th  the  changes i n  dura t ion  of  t h e  l a t e n t  per iod 
following the  phys ica l ly  constant  s t imu l i .  Even when the  value of t h e  thresh-  
old s t imulus increased sharp ly  i n  the  predeath per iod,  t h e  dura t ion  of  t h e  
l a t e n t  period t h a t  followed t h e  phys ica l ly  constant  s t i m u l i  tended t o  f l u c t u -  
ate wi th in  normal l i m i t s  ( f i g .  5 ) .  
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I r r a d i a t i o n  caused marked changes i n  dura t ion  of t h e  l a t e n t  per iod of  the  
r eac t ion  t o  a l l  t h ree  types of s t imula t ion  as compared wi th  both t h e  o r i g i n a l  
background and t h e  con t ro l  animals.  The d i f f e rences  from the  con t ro l  w e r e  sta- 
t i s t i c a l l y  s i g n i f i c a n t  i n  a l l  cases.  There were two kinds of changes. Some 
w e r e  wavel ike  i n  cha rac t e r ,  thus  tending t o  produce an over ly  long l a t e n t  p e r i -  
od i n  the  middle (or a t  the  beginning) of t he  inves t iga t ion  and j u s t  before  
dea th  ( f i g .  5 ;  3; f i g .  6; 5 ) ;  o r  t h e  value of t h i s  parameter throughout the in-  
ves t iga t ion  remained a t  a high l e v e l ,  al though the  o r i g i n a l  l e v e l  w a s  sometimes 
res tored  j u s t  before dea th  ( f ig .  6; 4 ) .  

The ind iv idua l  as w e l l  as composite curves f o r  t h e  e n t i r e  group of /loq 
experimental  animals ( f i g .  6; 1-3)  i n d i c a t e  t h a t  the  s i n g l e  whole-body 

exposure t o  the  y-rays of Co60 (500 r)  considerably lengthened t h e  l a t e n t  pe r i -  
od of t h e  reac t ions  t o  a l l  t h r e e  s t i m u l i ,  compared t o  t h e  o r i g i n a l  background 
and con t ro l  group. The leas t  change w a s  noted i n  the  r eac t ion  t o  the  s t rong  
s t imulus ( f i g .  6; 3) ;  t he  greatest  change i n  the  r eac t ion  t o  the  w e a k  s t imulus 
( f i g .  6; 1). The r eac t ion  t o  t h e  moderate s t imulus occupied an intermediate  
p o s i t i o n  ( f ig .  6 j  2 ) .  All. t h i s  suggests  t h a t  impairment of t he  e x c i t a b i l i t y  of 

2 3  5 7 IO 

Figure 6. 
reflex i n  i r r a d i a t e d  animals.  
Mean dura t ion  of t h e  l a t e n t  per iod of  t h e  r eac t ion  t o :  
1--weak phys io logica l ly  constant  st imulus;  2--moderate 
phys i ca l ly  constant  s t imulus;  3--strong phys ica l ly  con- 
s t a n t  st imulus.  
Ind iv idua l  changes i n  dura t ion  of l a t e n t  per iod of reac- 
t i o n  t o  moderate phys i ca l ly  constant  st imulus:  
guinea p i g  No. 38; ?--in guinea p i g  NO. 39. 
Abscissas--time i n  days; o rd ina te s - - l a t en t  per iod of  re- 
f l e x  i n  r e l a t i v e  u n i t s .  Arrows designate  days of irra- 
d i a t i o n .  

Changes i n  dura t ion  of l a t e n t  per iod of  f l e x o r  

&--in 
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the  response,  suppressing b i o e l e c t r i c  a c t i v i t y  and impairing conditioned ac- 
t i v i t y .  The suppression s t age  i s  o f t e n  preceded by an usua l ly  b r i e f  period of 
increased e x c i t a b i l i t y  . 

Simi lar  r e s u l t s  w e r e  obtzined i n  an inves t iga t ion  of s p i n a l  r e f l e x  a c t i v i -  
ty. It. K .  Poplavskiy (1956) observed phasic  changes i n  e x c i t a b i l i t y  of the  
general  motor r eac t ion  t o  pa5n i n  mice exposed t o  whole-body X- i r r ad ia t ion  with 
doses or' 360-i.440 r. E x c i t a b i l i t y  increased during t h e  f i rs t  2 hours, then 
returned t o  normal and sharply decreased before death.  A s imilar  decrease i n  
e x c i t a b i l i t y  of t he  defense f1Lexor r e f l e x  preceded by a b r i e f  (during t h e  f i r s t  
2k hours) increase  w a s  a l s o  noted by S .  A. Davydova (1958) a f t e r  she X- i r rad i -  
ated dogs with 500-609 r. The phase of increased e x c i t a b i l i t y  w a s  longer  i n  t h e  
sur-;iving animals. It l a s t e d  about 3-5 days, then the  threshold of e x c i t a b i l i t y  
returned t o  norrr.al. 

I n  our  inves t iga t ions ,  c'ianges i n  e x c i t a b i l i t y  were not the  same i n  a l l  t he  

ani lnals  exposed t o  500 r of y-rays from Co6'; in f a c t ,  they sometimes proceeded 
i n  opposi te  d i r e c t i o n s .  I n  some of t h e  animals, they rssembled t h e  descr ibed 
chang,-es and were r e f l e c t e d  i n  a gradual  lowering of  e x c i t a b i l i t y  wi th  a sharp 
drop i n  the  predeath per iod.  A s l i g h t  increase  w a s  noted i n  a few animals be- 
tween the  1st and 3rd days ( f i g .  4A). The r e a c t i o n  of t he  o t h e r  animals w a s  
more l i k e  t h e  changes observed by Davydova i n  surv iv ing  dogs. These guinea p igs  
exhib i ted  only an increase  i c  e x c i t a b i l i t y ,  which before  dea th  e i t h e r  decreased 
sharp ly  or remained a t  the  o r i g i n a l  l e v e l .  The surviving animal showed the  
longest  and most d i s t i n c t  inerease  i n  e x c i t a b i l i t y .  The i n t e n s i t y  of t h e  thresh-  
o l d  s t imulus d id  not r e t u r n  to normal without a prel iminary increase  u n t i l  the 
10th  day. The changes t h a t  kre observed i n  the  dura t ion  of t h e  l a t e n t  per iod of 
t he  de fense  f l exor  r e f l e x  are completely cons i s t en t  both wi th  the  l i t e r a t u r e  
(Davydova, 1.958; Gvozdikova, 1957, 1962; Kudri tskiy,  1955, 1957; Fedorova, ,/I11 
1957) and with t h e  r e s u l t s  of our  experiments on r a b b i t s  (Kuznetsova, 
1961). 
l a t e n t  per iod and it remained a t  a high l e v e l  f o r  40 days. 

X- i r rad ia t ion  wi th  a dose of 400 r l ikewise markedly lengthened the  

The appearance of phas ic  states i n  the  e x c i t a b i l i t y  of  t he  nervous system 
as a r e su l t  of ion iz ing  r ad ia t ion  has been noted by many au thors ,  who mostly i n -  
?Iest igated,  however, c o r t i c a l  func t ion  (Nemenov, 1932; L i v s h i t s ,  1954; Meyzemv, 
1959; Kurts in ,  l958a; Samoylova, 1959; and o t h e r s ) .  It w a s  only i n  Davydova's 
work (1958) t h a t  we found re ferences  t o  phasic  s t a t e s  a r i s i n g  i n  the  s p i n a l  
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+,he ner.Jous system i s  of t h e  na rco t i c  phase type. Therefore,  t he  number of 
experiments with d is rupted  i n t e n s i t y  r e l a t i o n s  i n  t he  group of i r r a d i a t e d  an i -  
rlials decreased, as w a s  t h e  case with the  cont ro l  group ( f i g .  3). 

Discussion 

There a r e  now f a i r l y  numerous references i n  t he  l i t e r a t u r e  to t he  
f a c t  t h a t  i r r a d i a t i o n  br ings  about marked changes i n  r e f l e x  e x c i t a b i l -  
i t y  of the various d iv i s ions  of  the  c e n t r a l  nexvous system (Lebedinskiy and 
Nakhi l 'n i tskaya,  ls0; L i v s h i t s ,  1961). A s  a r u l e ,  it lowers r e f l e x  e x c i t a b i l -  
i t y  by r a i s i n g  the threshold of e x c i t a b i l i t y ,  lengthening the  l a t e n t  per iod of 



2. The l a t e n t  period of the r eac t ion  t o  the  t h r e e  kinds of s t i m u l i  of vary- 
ing i n t e n s i t y  t h a t  were used ind ica ted  t h a t  the changes i n  r e f l e x  e x c i t a b i l i t y  
of t h e  s p i n a l  r e f l e x  a r c  were of t he  na rco t i c  phase type.  

3. The changes i n  du ra t ion  of t h e  l a t e n t  period were co r re l a t ed  wi th  
changes i n  t h e  threshold of e x c i t a b i l i t y .  It i s  f a i r  t o  assume t h a t  these param- 
e t e r s  r e f l e c t  func t iona l  changes i n  d i f f e r e n t  p a r t s  of t h e  r e f l e x  arc .  

r e f l e x  a r c  after i r r a d i a t i o n .  The au thor  notes t h a t  paradoxical  phases ap- 
peared and became acce lera ted  i n  dogs irradiated wi th  500, 600 and 800 r. I n  
our experiments, t he  changes i n  e x c i t a b i l i t y  of t he  s p i n a l  r e f l e x  a r c  were of 
t he  na rco t i c  phase type without any d i s rup t ion  of t h e  i n t e n s i t y  r e l a t i o n s .  

Ion iz ing  r a d i a t i o n  i s  known t o  cause marked changes i n  all the  l L n k s  of 
the  motor r e f l e x  a r c  (Lebedinskiy and Nakhil 'nitskaya, 1960). Therefore,  t h e  
duration of t h e  l a t e n t  period tends t o  vary w i t h  impairment of t h e  func t iona l  
state of each of these l i n k s .  I n  addi t ion ,  one cannot ignore the p a r t  played 
by func t iona l  impairment of t h e  midbrain and medulla oblongata i n  t h e  o r i g i n  
of changes i n  t h e  c h a r a c t e r i s t i c s  of t he  s p i n a l  r e f l e x e s  (Gvozdikova, 1961). 

However, i t  would s e e m  t h a t  t he  changes observed after i r r a d i a t i o n  i n  
t h e  du ra t ion  of t h e  l a t e n t  period should be  l inked  t o  the  d is turbances  devel- 
oping i n  t h e  c e n t r a l  l i n k  of t h e  motor r e f l e x  arc .  This i s  confirmed by 0. S. 
I l f i n a f s  da t a  (1956), derived from experiments on f rogs ,  and by t h e  e l e c t r o -  
phys io logica l  i nves t iga t ions  of Z.  M. Gvozdikova (1957) and S. A. Davydova 
(1958) * 

The f a c t  t h a t  the changes i n  dura t ion  of t he  l a t e n t  period t h a t  w e  ob- 
served were not cor re l a t ed  wi th  t h e  changes i n  threshold  of e x c i t a b i l i t y  pro- 
vide f u r t h e r  conf i rmat ion .of  our  hypothesis.  A. F. Lebedinskiy and Z. I .  
Nakhi l 'n i tskaya (1960) conjec ture  t h a t  t he  d i s r u p t i o n  of r e f l e x  a c t i v i t y  i n  
i r r a d i a t e d  animals is  due p r imar i ly  t o  changes i n  the  synaptic formations of 
t he  c e n t r a l  po r t ion  of t he  r e f l e x  a r c .  

Conclusions 

1. Whole-body y - i r r a d i a t i o n  wi th  500 r of Co60 caused r egu la r  changes i n  
the  threshold of e x c i t a b i l i t y  and du ra t ion  of the  defense f l e x o r  r e f l e x  i n  
guinea p i g s .  The changes i n  the  threshold of e x c i t a b i l i t y  w e r e  not sta- 
t i s t i c a l l y  s i g n i f i c a n t ;  however, those  i n  t h e  dura t ion  of the l a t e n t  p e r i -  
od were s i g n i f i c a n t .  
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EFFECT O F  GENERKG VERTICAL VIBRATION ON SPINAL 
REFLEX ARC FUNCTION 

M. A. Kuznetsova 

ABSTRACT 

To ta l  v e r t i c a l  v i b r a t i o n  of  70 cps, amplitude 0.4 mm 
and dura t ion  of  1-5 Kin w a s  appl ied twice wi th  a 24-hour 
Fnterval  between exposures. It caused, not sharp,  but  sta- 
t i s t i c a l l y  s i g n i f i c a n t  increase  of  the  e x c i t a b i l i t y  th resh-  
old of  motor defense reflex i n  guinea p i g  ex t remi t ies .  

The l a t ency  i n  one ,?rgup of t h e  animals increased and 
i n  t h e  o t h e r  group 6.ecreased. I n  a l l  animals, responses 
t o  s t imula tors  of weak and high i n t e n s i t y  were equal ized.  
This  f a c t  i n d i c a t e s  development of pa rab io t i c  phenomena 
i n  t h e  inves t iga ted  reflex a r c .  

Great demands are made on t h e  motor apparatus  during space f l i g h t .  111.3 
Hence, a s tudy o f  t h e  e f f e c t  of  v ib ra t ion  on motor a c t i v i t y  i s  a sub jec t  
of considerable  i n t e r e s t .  

The purpose o f  t h i s  i nves t iga t ion  w a s  t o  analyze t h e  effect  o f  v e r t i c a l  
.:ibration on t h e  f u n c t i o n a l  s;ate of  t h e  unconditioned defense f l e x o r  reflex 
a r c .  

Method 

The experimental  animals w e r e  14 male guinea p igs  weighing 350-500 g.  
One group w a s  exposed t o  vibr .s t ion twice,  w i t h  an i n t e r v a l  of  24 hours between 
exposures. The rest of t h e  a n i m a l s  served as t h e  cont ro l .  

V e r t i c a l  v ib ra t ion  w a s  appl ied wi th  a frequency of 70 cps, amplitude of 
0.4 mm, 15 min dura t ion .  

The thresholds  o f  exc i t ab i l i t y  and l a t e n t  per iod  of t h e  defense f l e x o r  
r e f l e x  w e r e  used as ind ices  o f  the  func t iona l  state of  t h e  a r c .  The recording 
method, design of t h e  experiment and method of processing the  data are de- 
sc r ibed  i n  t h e  preceding ar t ic le .  
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Besides inves t iga t ing  t h e  above-mentioned parameters, w e  observed the  
pe r iphe ra l  blood, weight,  temperature,  and c l i n i c a l  condi t ion o f  t he  animals. 

Resul ts  

The animals exposed t o  v ib ra t ion  twice exhib i ted  d i s t i n c t  but  similar 
changes i n  the  thresholds  of  e x c i t a b i l i t y  as r e f l ec t ed  i n  a s l ight ;  increase  i n  
i n t e n s i t y  of  threshold s t imula t ion  ( f i g .  1). The d i f f e rences  from t h e  con t ro l  

e x c i t a b i l i t y ,  as i n  t h e  cont ro l  group, w e r e  not  co r re l a t ed  wi th  changes 
i n  the  l a t e n t  per iod.  This is  evident  from f i g u r e  2, which shows indiv idua l  
curves of changes i n  threshold of e x c i t a b i l i t y  and l a t e n t  per iod.  I n  guinea 
p i g  No. 36, t he  l a t e n t  per iods  of the  r eac t ions  t o  the  moderate and s t rong  phys- 
i c a l l y  constant  s t imu l i  w e r e  shortened by v ib ra t ion ,  while  t he  threshold of  ex- 
c i t a b i l i t y  rose  ( f ig .  2; 2, 4 and 41) .  I n  guinea p i g  No.  68, although both 
parameters increased,  they  did not change i n  p a r a l l e l  ( f i g .  2 j  1, 3 and 3 1 ) .  
The l a t e n t  period of t he  r eac t ion  t o  t h e  s t rong  s t imulus increased sharp ly  be- 
tween the  10 th  and 12 th  days after v ibra t ion ,  bu t  t h e  i n t e n s i t y  o f  t he  thresh-  
old s t imulus a t  t h i s  t i m e  decreased s l i g h t l y .  The l a t e n t  per iod of t h e  reac- 
t i o n  t o  t h e  s t rong  s t imulus changed more d r a s t i c a l l y  than d id  t h e  l a t e n t  p e r i -  
od of t h e  r eac t ion  t o  t h e - s t i m u l u s  of  moderate i n t e n s i t y .  Y e t  t h e  l a t t e r  
should have been more dependent on changes i n  t h e  value of the  threshold,  i f  
the  changes i n  these  parameters were i n t e r r e l a t e d .  

animals were s t a t i s t i ca l ly  s i g n i f i c a n t .  The changes i n  thresholds  of 11.15 

Vibrat ion produced weak changes i n  t h e  thresholds  of e x c i t a b i l i t y .  B u t  t he  
changes i n  t h e  l a t e n t  period w e r e  sharp.  The d i f f e rences  from the  controls1 

4 t  t t 

Figure 1. Changes i n  mean value of t h e  threshold s t imulus 
i n  animals subjected t o  v ib ra t ion  twice.  
1--mean value o f  threshold s t imulus i n  group of animals 
subjected t o  v ib ra t ion  twice; 2--same i n  con t ro l  group. 
Abscissa--time i n  days a f te r  ac t ion ;  o rd ina te - - in t ens i ty  
of  threshold s t imulus expressed i n  devia t ions  from mean 
value of o r i g i n a l  background taken as 100 percent  and re- 
l a t e d  t o  mean group devia t ion  under normal condi t ions.  
Arrows designate  day o f  v ibra t ion .  

'The changes i n  dura t ion  of t h e  l a t e n t  per iod of t h e  f l e x o r  r e f l e x  i n  the con- 
t r o l  are shown i n  f i g u r e  1 of t h e  a r t i c i e  i n  t h i s  c o l l e c t i o n  preceding t h i s  
one. 



Figure 2. Relat ionship between changes i n  value of th resh-  
old st imulus and changes i n  dura t ion  of l a t e n t  period of 
f l e x o r  r e f l e x  i n  group of  animals subjected t o  v ib ra t ion  
twice. 
Value of the  threshold s t imulus:  1 - - in  guinea p ig  N o .  68; 
2--in guinea p i g  N o .  56. Duration of l a t e n t  per iod:  i n  
guinea p ig  No. 68: 3--in reac t ions  to  s t rong ,  3 ' - - in  reac- 
t i ons  t o  moderate phys i ca l ly  constant  s t imu l i ;  i n  guinea 
p i g  N o .  56: &--in reac t ions  t o  s t rong ,  4 r - - i n  reac t ions  t o  
moderate phys ica l l j*  constant  s t i m u l i .  
Abscissas--time i n  days; ord ina tes :  t op - - l a t en t  per iod,  
bot tom--intensi ty  of threshold stimulus.  Arrows--same as 
i n  f i g u r e  1. 

i n  t h e  r eac t ions  t o  a l l  t h ree  types of s t imula t ion  were l ikewise  s t a t i s t i c a l l y  
s i g n i f i c a n t .  

The animals w e r e  divided i n t o  f o u r  groups according t o  the  l a t e n t  period 
of the  reac t ions .  

I n  the  f i rs t  group (guinea p igs  N o s .  40, 41 and 63, f i g .  3 A ) ,  t he  l a t e n t  
period of t he  r eac t ion  to the  weak s t imulus lengthened only during the  f i rs t  
three  days a f t e r  v ibra t ion .  These changes w e r e  about equal  i n . i n t e n s i t y  t o  
the  changes i n  the  l a t e n t  per iod of t h e  r eac t ion  t o  the  s t rong  s t imulus.  But 
t he  changes i n  t h e  r eac t ion  to t he  s t imulus of moderate i n t e n s i t y  were much 
less s i g n i f i c a n t .  Consequently, a t  t h i s  t i m e  t he  animals i n  t h i s  group ex- 
h ib i t ed  a lowering of r e f l e x  e x c i t a b i l i t y  wi th  a tendency toward impairment of 
t he  i n t e n s i t y  r e l a t i o n s  of the  phase of  moderate s t imula t ion  ty-pe. 

S t a r t i n g  the  5 th  day, t h e  values of t he  l a t e n t  per iod of t h e  r eac t ions  t o  
t h e  s t i m u l i  of  low and moderate i n t e n s i t y  w e r e  almost normal ( the  f l u c t u a t i o n s  
i n  the  value of t h i s  parameter ve re  wi th in  the  mean group devia t ion  from t h e  
norm). However, t he  value 05' t he  l a t e n t  per iod of t he  r eac t ion  t o  t h e  s t rong  
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Figure 3. Changes i n  mean dura t ion  of  l a t e n t  per iod of 
f l e x o r  reflex a f t e r  two exposures t o  v ib ra t ion .  
A, €3 and C--mean dura t ion  of Latent  per iod by groups of ex- 
per imental  animals i n  r eac t ions  t o :  1--weak physiological-  
l y  constant  s t imulus;  2--moderate; 3--strong phys ica l ly  
constant  s t i m u l i .  Ordinate--duration o f  l a t e n t  per iod i n  
r e l a t i v e  u n i t s .  Abscissa and arrows--same as i n  f i g u r e  1. 

st imulus remained u n t i l  t h e  10 th  day of t he  experiment a t  the  same high l e v e l  
a.s on the  3rd day af ter  the app l i ca t ion  of  v ibra t ion .  

Thus, t h e  changes i n  reflex e x c i t a b i l i t y  of  t h e  inves t iga ted  nerve a r c  
during t h e  second p a r t  of  the experiment reflected a tendency toward disrup-  
t i o n  of t h e  i n t e n s i t y  r e l a t i o n s  of t he  balanced phase type a t  a low l e v e l .  

I n  the  animals of t he  second group (guinea p i g s  Nos .  61 and 68, f i g .  3B),  
t h e  l a t e n t  per iod of the  r eac t ion  t o  t h e  st imulus of  moderate i n t e n s i t y  
shortened, while t h a t  of t h e  r eac t ion  t o  t h e  s t rong  s t imulus lengthened. The 
l a t e n t  per iod of t he  r eac t ion  t o  t h e  s t imulus of moderate i n t e n s i t y  also 
lengthened, but  only s l i g h t l y .  

These changes i n  t h e  values  of t h e  l a t e n t  period w e r e  t raced  throughout 
t he  experiment. Thus, t he re  w a s  a prolonged impairment of reflex e x c i t a b i l i t y  
i n  response t o  v ib ra t ion  by these  animals along w i t h  a tendency t o  d i s rup t ion  
of t he  i n t e n s i t y  r e l a t i o n s  of t he  balanced phase type a t  a medium l e v e l .  
This tendency w a s  somewhat more pronounced during the  f i rs t  th ree  days 
a f t e r  exposure t o  v ib ra t ion ,  when t h e  r eac t ion  t o  the  s t imulus of moderate in -  
t e n s i t y  w a s  s t i l l  v i r t u a l l y  unchanged. 

fll7 

I n  t h e  animals of the  t h i r d  group (guinea p igs  Nos. 56 and 72, f i g .  3 C ) ,  
as 5n t h e  animals of the preceding group, the l a t e n t  per iod of the r eac t ion  t o  
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the  weak s t t a u l u s  shortened. The changes w e r e  more pronounced during the  second 
p a r t  of the  in . res t igat ion.  The changes i n  reac t ions  t o  the  s t i m u l i  of  g r e a t  and 
moderzte i n t e n s i t y  during the first 5 days af ter  v ib ra t ion  w e r e  about t h e  same 
and were ailso r e f l ec t ed  i n  a shortening of  t h e  l a t e n t  per iod.  However, these  
chznqes were s l i g h t  and much less pronounced than were the  changes i n  r eac t ion  
to  the  w e &  s t imulus.  S t a r t i n g  wi th  t h e  7 t h  day, t he  du ra t ion  of  t h e  l a t e n t  
period of t he  r eac t ion  t o  t h e  s t r o n g  s t imulus returned t o  normal, but  t h a t  of  
the reac t ions  t o  the  moderate and s t rong  s t i m u l i  shortened even more than  i n  the  
f irst  per iod.  

Thus, i n  t h i s  group of E.nimals v ib ra t ion  produced a p e r s i s t e n t  i nc rease  i n  
r e f l e x  e x c i t a b i l i t y  of t h e  ner-te a r c  under inves t iga t ion  wi th  a tendency to-  
ward d i s rup t ion  of  t h e  i n t e n s i t y  r e l a t i o n s  of t h e  balanced phase type on a high 
l e v e l .  This  tendency w a s  m 0 z . t  ev ident  i n  the second per iod of t h e  inves t iga -  
t i on .  Guinea p i g  N o .  55 ( f i g .  4) WEB an except ion (4 th  group) and i t s  reaction 
w L l l  be  examined a l i t t l e  la ter .  

This ana lys i s  of t h e  r e s u l t s  shows t h a t  t he re  w a s  a marked and prolonged 
shortening of t he  du ra t ion  of' t he  l a t e n t  per iod o f  t h e  r eac t ion  t o  the  weak 
stimuulus i n  ha l f  of  t h e  animals (Nos. 56,  61, 68 and 72) from the  very f i r s t  
day of  exposure t o  v ib ra t ion .  The o t h e r  a n i m a l s  (Nos. 40, 41, 63 and 55)  
reacted during the  f irst  5 days mainly wi th  a lengthening of t he  l a t e n t  per iod 
which, beginning the  6 t h  or 7 t h  day, re turned t o  normal or was sharp ly  reduced. 

A s  w e  mentioned before ,  a l l  measured values of t he  l a t e n t  per iods  w e r e  ex- 
pressed i n  the  form of  a percentage dev ia t ion  from the  mean value of t h i s  param- 
e ter  before  exposure. 

This  expla ins  why the median of a l l  the  values  before  exposure w a s  zero 
( the  number o f  p o s i t i v e  and negat ive devia t ions  from t h e  mean norm could only 
b e  the same). 
of the l a t e n t  per iod of  t h e  r eac t ions  t o  t h e  weak s t imulus from t h e  mean norm 
f o r  all experimental  animals s h i f t e d  s l i g h t l y  toward t h e  negat ive dev ia t ions  
and became -0.58. Consequently, t he  tendency toward a shortening o f  t h e  l a t e n t  
per iod as compared wi th  the o r i g i n a l  l e v e l  predominated i n  t h e  r eac t ions  t o  t h e  
weak stimulus.  

After v ib ra t ion  the  genera l  median of t h e  dev ia t ions  of  t h e  value 

However, i n  t he  r eac t ions  t o  t h e  s t rong  s t imulus,  t h e r e  w a s  a tendency /118 
f o r  the  l a t e n t  perSod t o  lengthen. 

F i r s t ,  almost a l l  animals after v i b r a t i o n  exhib i ted  e i t h e r  a p e r s i s t e n t  
lengthening of  the l a t e n t  per iod  ( f i g .  3A; 3 and B; 3) or a tendency f o r  i t  t o  
lengthen, as compared wi th  t h e  o r i g i n a l  value i n  t h e  r e a c t i o n  t o  t h e  weak s t i m -  
u lus  ( f i g .  3C; 3 ) .  Only one animal  (guinea p i g  No.  5 5 )  reacted t o  v ib ra t ion  
with a shortening of t h e  l a t e n t  per iod of  t h e  response t o  t h e  s t rong  s t imulus 
( f i g .  4; 3 ) ,  whereas during the first 5 days of  t h e  inves t iga t ion  t h e  l a t e n t  
period of i t s  response t o  the  weak s t imulus w a s  h igh ( f i g .  4; 1). Second, i n  
the  animals t h a t  exhib i ted  a lengthening of t h e  l a t e n t  per iod a f te r  v ibra t ion ,  
changes i n  the r eac t ion  t o  t h e  s t rong  s t imulus w e r e  sharper  than those i n  t h e  
r eac t ion  t o  the  weak stimulus.  The l a t e n t  per iod of these  r e f l e x e s  remained 
long throughout the inves t iga t ion ,  and changes i n  it w e r e  o f  t h e  same magnitude 
as those fol lowing the  r eac t ion  t o  t h e  weak s t imulus.  
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Figure 4. Changes i n  du ra t ion  of l a t e n t  per iod of  
f l e x o r  r e f l e x  i n  guinea p i g  No.  55. 
Symbols s a m e  as i n  f i g u r e  3. 

A s  a r e s u l t ,  t he  median of  t h e  devia t ions  of t h e  l a t e n t  per iod o f  t h e  
r eac t ion  t o  the  s t rong s t imulus from t h e  mean value of t h i s  index before  ex- 
posure rose  from zero t o  + 1.3. 

A s  f o r  t h e  r eac t ion  t o  t h e  s t imulus of  moderate i n t e n s i t y ,  here  a l s o  
the re  w a s  a tendency f o r  t h e  l a t e n t  per iod t o  lengthen,  although t h i s  tendency 
w a s  less pronounced than  i n  t h e  case of  t h e  r eac t ion  t o  t h e  s t rong  s t imulus.  
O f  t h e  8 animals subjected t o  v ibra t ion ,  only 2 reacted wi th  a shortening of  
t he  l a t e n t  per iod ( f i g .  3C;  2 ) .  I n  t h e  o t h e r  animals, t h e  changes i n  du ra t ion  
of  t h e  l a t e n t  per iod  throughout most of  the  inves t iga t ion  lay i n  the  region of 
t h e  p o s i t i v e  devia t ions  ( f i g .  3A; 2 and B; 2 ) .  Consequently, t h e  median o f  
t h e  devia t ions  of t he  l a t e n t  per iod of t h e  r eac t ion  t o  t h e  moderate s t imulus  
from the  mean value of t h i s  index before exposure rose  from zero t o  +0.96. 

However, t h e  increase  i n  l a t e n t  period of  t he  r eac t ion  t o  t h e  s t imulus 
of moderate i n t e n s i t y  w a s  very s l i g h t  and i nva r i ab ly  much smaller than i n  
the  r eac t ion  t o  t h e  s t rong  s t imulus.  

1119 

! 2  

A B 

Figure 5.  Disrupt ion of  i n t e n s i t y  r e l a t i o n s  i n  
animals inves t iga ted .  
A--control group; B--experimental group; i n  t h e  
experimental  group: 1--before v ib ra t ion ;  2--af- 
t e r  v ib ra t ion ;  i n  the  con t ro l  (1 and 2) i n v e s t i -  
ga t ion  took p lace  a t  same t i m e  as i n  experimental  
group. Ordinate--number of experiments ($) with 
d i s rup t ion  of i n t e n s i t y  r e l a t i o n s .  
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Thus, as the  i n t e n s i t y  02' the  s t imu lus  w a s  reduced, t h e  tendency f o r  the  
l a t e n t  per iod  t o  shor ten  grew, and ;.ice versa .  Meanwhile t h e  change i n  in-  
t e n s i t y  r e l a t i o n s  w a s  of t h e  balanced phase type. 

Increas ing  d i s rup t ion  of t h e  i n t e n s i t y  r e l a t i o n s  i n  t h e  v ibra ted  animals 
i s  5130 shown i n  figure 5. \<?ereas these  r e l a t i o n s  i n  t h e  con t ro l  group 
s t a b i l i z e d  and improved i n  t h e  course of t h e  inves t iga t ion ,  i n  t h e  experimen- 
t a l  group the  number of experiments w i th  d is rupted  i n t e n s i t y  r e l a t i o n s  grew, 
althoush the d i f f e rences  i n  t 'ne  d a t a  w e r e  not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

The v ibra ted  animals did not d i f f e r  s i g n i f i c a n t l y  from the  con t ro l s  i n  
veigiit , temperature, pe r iphe ra l  blood or c l i n i c a l  symptoms. 

Discussion 

There are c o n f l i c t i n g  r epor t s  i n  the  l i t e r a t u r e  on the  change i n  e x c i t -  
v$t:fl-ity i n  t h e  var ious  d i v i s i o n s  o f  t he  c e n t r a l  nervous system under t h e  i n -  
f luence  of v ib ra t ion .  Some authors  observed the  onse t  of  e x c i t a t i o n  (Don- 
skzya and Stoma, 1960); others ,  t h e  development of  i n h i b i t i o n  wi th  a tendency 
toward broad i r r a d i a t i o n  (Butkovskhya, 1957). Ins tances  of d i s r u p t i o n  of  t he  
r e l a t i o n s  between the  main nervous processes  (Mikheyeva, 1950), phenomena of 
wrakened i n t e r n a l  i n h i b i t i o n  (Andrianov, 1959) and growth i n  number of  e r r o r s  
i n  complex psychomotor p r o b l e m  (Cat te rson  e t  a l . ,  1962) have been observed. 
Some authors  note  the  ex i s t ence  of a r e l a t i o n s h i p  between t h e  r eac t ion  of  t he  
nervous system, i t s  o r i g i n a l  func t iona l  state,  and type o f  h igher  nervous ac- 
c i v i t y  (Skachedub, 1957; S i r o t i n a  and Kharicheva, 1959; Usenko, 1961). 

- -- 

Analysis of t he  r e s u l t s  of our experiments shows t h a t  t he  r eac t ion  
of t he  nervous system t o  v t b r a t i o n  var ied  wi th  o r i g i n a l  func t iona l  s t a t e  
and t h e  c h a r a c t e r i s t i c s  of t h e  nervous system of the  ind iv idua l  animals. 
These c h a r a c t e r i s t i c s  may w e l l  have been due t o  t h e  type of h igher  nervous ac-  
t i v i t y ,  but w e  have no r e l evan t  experimental  d a t a  t o  confirm t h i s .  Reflex ex- 
c i t a b i l i t y  and conduction changed i n  d i ame t r i ca l ly  opposi te  d i r e c t i o n s  among 
t h e  d i f f e r e n t  animals. Some exhib i ted  a sharp  and p e r s i s t e n t  increase  I n  re- 
f l ex  e x c i t a b i l i t y  along wi th  a tendency toward. disruptFon of i n t e n s i t y  rela- 
t i o n s  of t h e  balanced phase type a t  a high l e v e l  ( t h i r d  group of v ibra ted  an i -  
mals) and phas ic  states (second group of v ibra ted  animals) a t  a meditim l e v e l .  

Other animals ( f i rs t  group) reac ted  during t h e  first 5 days wi th  a sharp  
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decrease i n  r e f l e x  e x c i t a b i l L t y  and conduction. The change i n  i n t e n s i t y  rela- 
t i o n s  w a s  of  t h e  moderate st:mulus phase type. This  phenomenon, a s p e c i a l  
case of  t h e  balanced phase, is q u i t e  rare (Rikman, 1928; Rozental ' ,  1936; 
Makarov, 1940). Seven days af ter  e q o s u r e ,  t h i s  group of  animals exhib i ted  a 
d i s rup t ion  of  i n t e n s i t y  re1a;ions of t h e  balanced phase type a t  a low l e v e l .  

These disrrrpt ions of i nyens i ty  r e l a t i o n s  suggest t h a t  v ib ra t ion  g ives  rise 
t o  the  development of  p a r a b i o t i c  phases i n  t h e  r e f l e x  a r c  under s tudy.  S imi l a r  
phases have been observed i n  t h e  h igher  d i v i s i o n s  of  t h e  CNS under t h e  i n f l u -  
ence of a v a r i e t y  o f  phys ica l  and chemical agents .  
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A comparison of  t he  e f f e c t s  of v ib ra t ion  wi th  the  d a t a  t h a t  w e  obtained on 
animals exposed t o  500 r of y- rad ia t ion ,  and wi th  the  material included i n  the  
preceding a r t i c l e  of t h i s  co l l ec t ion ,  shows t h a t  t h e  e f f e c t  of two exposures t o  
v ib ra t ion  on t h e  l a t e n t  per iod of  t h e  defense f l e x o r  reflex i s  equal  t o  the  ef- 
f e c t  of a l e t h a l  dose of r ad ia t ion .  The r e s u l t s  of  our  experiments agree wi th  
t h e  published d a t a  (Galat ,  1960), showing t h a t  v i b r a t i o n  causes p ro tec t ive  in-  
h i b i t i o n  t o  arise i n  t h e  s p i n a l  r e f l e x  a r c .  The author  found tha t  even 5 min 
v ibra t ion ,  w i th  a frequency of 30 cps and an amplitude of  2.5 mm, first caused 
t h e  f l e x o r  reflex t o  disappear  and then lengthened i t s  l a t e n t  per iod .  These 
inves t iga t ions  are t h e  only work on t h e  e f f e c t  of  v ib ra t ion  on s p i n a l  reflexes 
t h a t  w e  w e r e  able t o  d iscover  i n  the  l i t e r a t u r e .  Our f i nd ing  t h a t  changes i n  
dura t ion  of  t he  l a t e n t  per iod do not  vary wi th  changes i n  t h e  threshold of  sen- 
s i t i v i t y  ind ica t e s  t h a t  t h e  changes produced by v ib ra t ion  i n  t h e  s p i n a l  reflex 
a r c ,  l i k e  those following i r r a d i a t i o n  and combined f a c t o r s  (examined i n  f12l 
o t h e r  a r t i c l e s  i n  this  c o l l e c t i o n ) ,  r e f l e c t  c h i e f l y  t h e  changes t h a t  take 
p lace  i n  t h e  motor cen te r s  of t he  s p i n a l  cord.  

Conclusions 

1. V e r t i c a l  v ib ra t ion  wi th  a frequency of 70 cps and an amplitude of 0.4 
mm appl ied t o  guinea p i g s  - f o r  15 min produced during t h e  next  two days major, 
s t a t i s t i c a l l y  s i g n i f i c a n t  changes i n  t h e  func t iona l  state of  t he  reflex a r c  of 
t h e  defense f l e x o r  r e f l e x .  These changes l a s t e d  throughout t he  12 days o f  the  
inves t iga t ion .  

2. These changes w e r e  r e f l e c t e d  i n  a s i g n i f i c a n t  bu t  gen t l e  r ise i n  the 
thresholds  of e x c i t a b i l i t y  and i n  complex changes i n  t h e  dura t ion  of t h e  l a t e n t  
per iod of  t h e  r e f l e x  a r c  under s tudy.  

3. There w a s  a tendency f o r  t he  l a t e n t  per iod  of t he  reflexes t o  the  
weak s t imulus t o  shor ten  and t o  lengthen after exposure t o  t h e  moderate and 
s t rong s t imu l i .  It w a s  more pronounced i n  t h e  case of t h e  la t ter .  The changes 
i n  l a t e n t  per iod of  t h e  r eac t ion  t o  the  s t imulus of moderate i n t e n s i t y  w e r e  
i nva r i ab ly  much smaller than t h a t  of t he  r eac t ion  t o  t h e  s t rong  s t imulus.  These 
phenomena were i n d i c a t i v e  of t h e  onse t  of pa rab ios i s  i n  the  reflex arc .  

4. The changes i n  dura t ion  of t he  l a t e n t  per iod o f  t h e  r eac t ions  w e r e  not 
cor re la ted  wi th  t h e  changes i n  threshold of  e x c i t a b i l i t y .  

5 .  The e f f e c t  of two exposures t o  v ib ra t ion  on the  dura t ion  of t h e  l a t e n t  
per iod of t he  defense f l e x o r  reflex w a s  equiva len t  t o  t h a t  of a lethal dose 
of r ad ia t ion ,  as w e  descr ibed i n  t h e  preceding a r t i c l e  of  t h i s  c o l l e c t i o n .  



I C0I4BINED EFFECTS OF VIBRATION AND I O N I Z I N G  RADIATION ON TEE 
FUNCTIONAL STATE O F  THE SPIN& RFFLM ARC 

M .  A. Kuznetsova 

ABSTRACT 

The complex effect  o f  t o t a l  v e r t i c a l  v i b r a t i o n  and 
50” r y - i r r a d i a t i o n  on the  e x c i t a b i l i t y  th reshold  and the  
l a t ency  of motor defense reflex i n  guinea p i g  hind extremi- 
t ies  were s tudied .  T o t a l  v e r t i c a l  v i b r a t i o n  of  70 cps,  
0.4 mm amplitude and 15 min dura t ion  w a s  appl ied twice: 
30-40 min before  and 24 hours after i r r a d i a t i o n .  I n  re- 
sponse t o  complex a c t i o n  of these  f a c t o r s ,  some p r o p e r t i e s  
of  separa te  e f f e c t s  of  each f a c t o r  w e r e  combined. I n  one 
p a r t  of t he  animals v ib ra t ion  e f f e c t s  predominated, while  
i n  t h e  o t h e r  p a r t  i r r a d i a t i o n  preva t led .  

According t o  t h e  r eac t ions  of  some func t ions ,  t h e  re- 
s u l t s  of  t he  complex e f f e c t  took an in te rmedia te  p o s i t i o n  
between v ib ra t ion  a-id r a d i a t i o n  e f f e c t s .  

The purpose of our work was t o  i n v e s t i g a t e  t h e  combined effects of  
-; ibration and r a d i a t i o n  on t h e  func t iona l  s t a t e  of t h e  defense f l e x o r  
reflex a r c .  

Method 

/ 1 2 2  

The experimental  animals w e r e  11 male guinea p i g s  weighing 350-500 g. One 
group w a s  subjected t o  v i b r a t i o n  twice: 39-40 min before  and 24 hours af ter  
i r r a d i a t i o n .  The phys ica l  condi t ions  of t he  i r r a d i a t i o n  and v ib ra t ion  w e r e  t h e  
same as i n  t h e  inves t iga t ions  of t h e  i s o l a t e d  effects of  each o f  t h e  f a c t o r s  
(compare precedlng a r t i c l e s  i n  t h i s  c o l l e c t i o n ) .  The remaining animals w e r e  
subjected t o  n e i t h e r  f a c t o r  and served as t h e  con t ro l .  As i n  t h e  preceding i n -  
- jes t iga t ions ,  t h e  threshold of e x c i t a b i l i t y  and l a t e n t  per iod  o f  t h e  defense re- 
f l ex  of  t h e  hind l e g  w e r e  chosen as ind ices  of t h e  s p i n a l  reflex a r c  func t ion .  

Besides i n v e s t i g a t i n g  these  parameters,  w e  also observed t h e  p e r i p h e r a l  
blood, weight,  temperature and c l i n i c a l  condi t ion  of t h e  an-imals. The record- 
ing  of  t he  ind ices ,  design of t h e  experiment, method of  processing the  d a t a  and 
graphic  r ep resen ta t ion  o f  t h e  r e s u l t s  are descr ibed i n  t h e  earlier a r t i c l e s .  
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Resul t s  and Discussion 

The r e s u l t s  of  t h e  combined ac t ion  of  v ib ra t ion  and i r r a d i a t i o n  on the  
threshold of  e x c i t a b i l i t y  o f  t he  unconditioned f l e x o r  r e f l e x  are shown i n  f i g -  
u r e  LB. It i s  ev ident  from t h e  f i g u r e  t h a t  t he  changes i n  threshold  of exc i t -  
a b i l i t y  i n  t h i s  group of animals were q u i t e  c lear -cu t ,  al though not  s ta t is t i -  

noted i n  the  animals exposed t o  r a d i a t i o n  alone. The combined ac t ion  of 
i r r a d i a t i o n  and v ib ra t ion ,  l i k e  t h a t  of i r r a d i a t i o n  alone, produced changes i n  
t h e  threshold of e x c i t a b i l i t y  i n  two opposi te  d i r e c t i o n s .  I n  some animals, the  
i n t e n s i t y  of t h e  threshold s t imulus grew from t h e  f i rs t  days a f t e r  the  ac t ion  
( f i g .  1; 5 ) ,  whereas i n  others ,  t he  i n t e n s i t y  decreased ( f i g .  1; 6) .  A sharp 
r ise  i n  t h e  threshold w a s  noted i n  a f e w  animals i n  t h i s  group j u s t  before  
death.  

c a l l y  s i g n i f i c a n t .  These changes w e r e  q u a l i t a t i v e l y  s i m i l a r  t o  those /123 

However, t h e r e  w a s  no c o r r e l a t i o n  between t h e  changes I n  threshold of ex- 
c i t a b i l i t y  and dura t ion  of t h e  l a t e n t  per iod ( f i g .  1; 1, 2, 3 and 4 ) .  Figure 
1 shows t h a t  i n  guinea p i g  No.  59,  the  lengthening of t h e  l a t e n t  per iod of t h e  
reflexes t o  the  weak and s t rong  s t i m u l i  between t h e  first and f i f t h  days a f t e r  
the  a c t i o n  coincided i n  t i m e  w i th  a rise i n  t h e  threshold of e x c i t a b i l i -  
t y .  On the  seventh day the  l a t e n t  per iods  o f  t h e  reflexes t o  these  s t i m -  
u l i  decreased sharp ly ,  whereas t h e  threshold  rose  even more. 

/124 

The combined ac t ion  of v ib ra t ion  and i r r a d i a t i o n  brought about c e r t a i n  
changes i n  dura t ion  of t h e  l a t e n t  per iod t h a t  d i f f e r e d  s i g n i f i c a n t l y  from the  
o r i g i n a l  background and the  con t ro l .  It i s  i n t e r e s t i n g  t o  note t h a t  t he  an i -  
m a l s  exposed t o  t h e  combined a c t i o n  exhib i ted  both t h e  c h a r a c t e r i s t i c s  of t he  
r eac t ion  t o  v ib ra t ion  and t h e  c h a r a c t e r i s t i c s  of t h e  r eac t ion  t o  i r r a d i a t i o n .  
The inf luence of  i r r a d i a t i o n  predominated i n  some cases;  t h a t  of  v ibra t ion ,  i n  
o thers .  

Thus, t h e  animals i n  t h i s  group could be divided i n t o  two parts.  One 
c l o s e l y  resembled the  i r r a d i a t e d  animals i n  regard t o  t h e  c o r r e l a t i o n  of e f -  
f e c t s  i n  the  reac t ions  t o  t h e  weak and s t rong  s t imu l i .  A s  i n  the  animals ex- 
posed t o  i r r a d i a t i o n  alone,  changes i n  e x c i t a b i l i t y  of t h e  nervous system were 
of the  na rco t i c  phase type .  The lengthening of t h e  l a t e n t  per iod  o f  t h e  /125 
r eac t ion  t o  t h e  weak s t imulus w a s  more marked than  t h a t  o f  t h e  r eac t ion  
t o  the  s t rong  s t imulus,  while  t h e  lengthening of  t h e  l a t e n t  per iod of t h e  reac- 
t i o n  t o  t h e  moderate s t imulus occupied an intermediate  pos i t i on ,  r e s u l t i n g  i n  
preserva t ion  of t he  c o r r e c t  i n t e n s i t y  r e l a t i o n s  between t h e  r eac t ions  t o  the  
var ious s t i m u l i  ( f i g .  2, curve 1). 

The only except ion occurred on t h e  10 th  day when t h e  l a t e n t  per iod of  t h e  
r eac t ion  t o  t h e  s t rong  s t imulus increased sharply.  The e f f e c t  of v ib ra t ion  on 
t h i s  group of  animals could be de tec ted  only i n  guinea p i g  NO. 59, i n  which w e  
w e r e  able t o  observe a moderate s t imulus phase. I n  t h i s  animal, as i n  t h e  
guinea p i g s  exposed t o  v i b r a t i o n  alone,  t h e  r e f l exes  t o  t h e  moderate s t imulus 
w e r e  l eas t  a f f ec t ed .  The changes i n  du ra t ion  of the  l a t e n t  per iod of t h e  re- 
ac t ions  t o  t h e  moderate s t imulus were less pronounced than  i n  t h e  r eac t ions  t o  
the  s t rong  and weak s t i m u l i  ( f i g .  1; 1, 2 and 3 ) .  The rrioderate s t imulus phase 
w a s  never de tec ted  i n  the animals exposed only t o  i r r a d i a t i o n .  
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Figure 1. Changes i-n value of threshold s t imulus and i r ,  
l a t e n t  per iod of defense f l e x o r  r e f l e x  i n  animals exposed 
t o  combined ac t ion  of  v ib ra t ion  and i r r a d i a t i o n .  
A--individual d a t a  on change i n  du ra t ion  of l a t e n t  per iod 
i n  guinea p ig  No .  59 i n  i t s  r eac t ions  to :  1--s t rong;  2-- 
moderate; 3--weak s';imulus; B--changes i n  value of th resh-  
old st imulus:  4--in guinea p ig  N o .  39 ( ind iv idua l  d a t a ) ;  
?--mean d a t a  from t h e  group of  animals i n  which threshold 
of e x c i t a b i l i t y  rose af ter  combined ac t ion ;  6--mean d a t a  
from group of animals i n  which threshold of e x c i t a b i l i t y  
dropped i n  f i r s t  phase following combined ac t ion ;  7--mean 
da ta  from con t ro l  animals. 
Abscissas--time i n  days a f t e r  ac t ion ;  ordinates--value of 
parameter expressed i n  r e l a t i v e  u n i t s .  Arrows des igna te  
days of ac t ion :  left--combined a c t i o n  of y - i r r a d i a t i o n  
and v ib ra t ion ,  r i gh t - -v ib ra t ion  alone.  

However, the  changes i n  l a t e n t  per iod i n  t h e  o t h e r  group of animals ex- 
posed t o  t h e  combined a c t i o n  resembled the  effects of v ib ra t ion ,  although ir- 
rad ia t ion  had some inf luence .  The dura t ion  of the l a t e n t  per iod of t he  re- 
ac t ion  to t he  s t rong  s t imulus lengthened markedly f r o m  t he  very  f i rs t  days 
a f t e r  t he  a c t i o n  and p e r s i s t e d  a t  a f a i r l y  high l e v e l  throughout t he  i n v e s t i -  
ga t ion  ( f ig .  2B; 2 ) .  The combined a c t i o n  here  did not  d i f f e r  s i g n i f i c a n t l y  
i n  i n t e n s i t y  from the  a c t i o n  of v ib ra t ion .  There was, as it were, an alge-  
bra ic  summation of t h e  e f f e c t s  of i r r a d i a t i o n  and v ib ra t ion  i n  t h e  r eac t ions  
of  these animals t o  the  w e a k  s t imulus.  A s  we s a w  before,  t he  e f f e c t s  o f  v i -  
b ra t ion  and i r r a d i a t i o n  on t h e  r eac t ion  t o  t h e  weak s t imulus w e r e  d i r e c t l y  op- 
p o s i t e  ( a f t e r  v ib ra t ion  the re  w a s  a tendency f o r  t h e  l a t e n t  per iod t o  shorten;  
a f t e r  i r r a d i a t i o n ,  t o  lengthen) .  
unchanged i n  t h i s  group of ar-imals. 

The dura t ion  of t he  l a t e n t  per iod remained 

Thus, the  decrease i n  e x c i t a b i l i t y  of t h e  reflex a r c  i n  these  animals, 
as i n  the  animals exposed t o  v ib ra t ion ,  proceeded l i k e  t h e  balanced phase 
type a t  a low l e v e l .  The only  d i f f e rence  w a s  t h a t  t h i s  tendency w a s  somewhat 
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Figure 2. Changes i n  dura t ion  of  l a t e n t  per iod of  f l e x o r  
r e f l e x  i n  r eac t ions  t o  weak phys io logica l ly  constant  ( A ) ,  
s t rong  (B) and moderate ( C )  phys i ca l ly  constant  s t imu l i .  
1, 2--group of  animals exposed t o  combined ac t ion ;  3--con- 
trol group. Ordina te- - la ten t  per iod  i n  r e l a t i v e  u n i t s .  
Other symbols s a m e  as i n  f i g u r e  1. 

less pronounced after t h e  combined ac t ion .  Since t h e  changes i n  reflex exc i t -  
a b i l i t y  i n  some animals resembled those i n  t h e  i r r a d i a t e d  animals, while  i n  
o t h e r  animals they  resembled the changes i n  t h e  v ibra ted  animals, t he  number of 
experiments wi th  d i s rup t ion  of t he  i n t e n s i t y  r e l a t i o n s  did not  change (as com- 
pared wi th  t h e  normal state) f o r  t h e  group as a whole ( f i g .  3 ) .  

The changes i n  l a t e n t  per iod  of t h e  r eac t ion  t o  t h e  moderate s t imulus 
l ikewise occupied an intermediate  posi t ionbetween t h e  changes i n  t h e  i r r a d i -  
a ted  animals and those i n  t h e  v ibra ted  animals. They w e r e  smaller than i n  the  
i r r a d i a t e d  group but g r e a t e r  than i n  the  v ibra ted  group ( f i g .  4 ) .  /126 

This  ana lys i s  of  the  r e s u l t s  r evea l s  a complicated p a t t e r n .  I n  some cases  
t h e  effect  of e i t h e r  of the  f a c t o r s  predominated over  t h a t  of t h e  o ther .  I n  
o the r  cases  t h e r e  w a s ,  so t o  speak, an a lgebra ic  summatton. 

N o  d i f f e rences  w e r e  noted between the  animals subjected t o  t h e  combined 
ac t ion  and those exposed t o  i r r a d i a t i o n  alone,  wi th  r e spec t  t o  weight and p e r i -  
phe ra l  blood. Our d a t a  do not  provide a s u f f i c i e n t  b a s i s  Tor evalua t ing  t h e  
s ign i f i cance  of t h e  d i f f e rences  i n  su rv iva l  rate of t h e  animals i n  the  two 
groups. 
o r  two days sooner than af ter  i r r a d i a t i o n  alone. A l l  animals subjected 
t o  t h e  combined a c t i o n  died.  One of t h e  i r r a d i a t e d  animals survived. 

We can only say t h a t  af ter  the  combined a c t i o n  dea th  occurred one /127 - 
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Figure 3. DisruptLon of i n t e n s i t y  r e l a t i o n s  i n  animals ex- 
posed t o  combined and i s o l a t e d  a c t i o n  of v ib ra t ion  and 
i r r a d i a t i o n .  
A--control group; E--vibrated group; C--group subjected t o  
combined ac t ion ;  D-- i r radiated group. 1--experiments wi th  
d i s rup t ion  of i n t e n s i t y  r e l a t i o n s  under normal condi t ions;  
2--experiments wi th  d i s rup t ion  of i n t e n s i t y  r e l a t i o n s  after 
exposure. Inves t iga t ions  of  con t ro l  (1 and 2 )  w e r e  con- 
ducted a t  same t i m e  as i n  experimental  groups. 

Figure 4. Changes i n  dura t ion  of  l a t e n t  period of f l e x o r  
reflex i n  r e a c t i o n  t o  phys i ca l ly  constant  st imulus.  
I - - i r r a d i a t e d  animals; 2--animals subjected t o  combined 
a c t i o n  of v ib ra t ion  and i r r a d i a t i o n ;  3--animals subjected 
t o  v ib ra t ion  alone. Other symbols same as i n  f i g u r e  2. 

W e  w e r e  able t o  f i n d  only two re ferences  i n  t h e  l i t e r a t u r e  t o  t h e  com- 
bined a c t i o n  of ion iz ing  r e d i a t i o n  and dynamic space f l i g h t  f a c t o r s .  A. N. 
Ganshina (lN1) noted t h a t  r a d i a t i o n  l e s ions  w e r e  i n t e n s i f i e d  when i r r a d i a -  
t i o n  w a s  combined wi th  v ib ra t ion .  Ivanov e t  a l .  (1962) showed t h a t  i n  an i -  
m a l s  exposed t o  i r r a d i a t i o n ,  while  ro t a t ed  i n  a cent r i fuge ,  t h e  e f f e c t  of 
i r r a d i a t i o n  w a s  weaker than i n  animals exposed under ord lnary  condi t ions.  
I n  t h e  former, t h e  welght loss w a s  somewhat less severe and death tended t o  
occur  a l i t t l e  later.  This i nd ica t e s  t h a t  not only v ib ra t ion ,  b u t  acce le ra-  
t i o n  alters the  r eac t ion  of t he  organism t o  i r r a d i a t i o n ,  and t h a t  t h e  a d d i -  
t i o n a l  a c t i o n  of mechanical f a c t o r s  may e i t h e r  weaken or i n t e n s i f y  the  
r ad ia t ion  r eac t ions .  



Conclusions 

1. The combined a c t i o n  of  v ib ra t jon  and i r r a d i a t i o n  produced s i g n i f i c a n t  
changes i n  the  func t iona l  s ta te  of t he  defense f l e x o r  r e f l e x  a r c .  These 
changes included both t h e  threshold of  e x c i t a b i l i t y  and the  du ra t ion  of the  
l a t e n t  per iod of t he  reflex. Pa rab io t i c  phases w e r e  noted i n  some of  t h e  re- 
ac t ions  t o  the  var ious s t imu l i .  

2. The dura t ion  of the  l a t e n t  per iod and t h e  threshold of e x c i t a b i l i t y  
changed independently of  one another .  

3. A complex i n t e r a c t i o n  of t h e  effects of i r r a d i a t i o n  and v ib ra t ion  
occurred a f t e r  the  combined ac t ion :  

(a) the  e f f e c t  of one of  t h e  two agents  predominated, o r  

(b)  t h e r e  w a s  a p e c u l i a r  a lgebra ic  summation of t h e  e f f e c t s  of  t he  two 
agents .  
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EFFECT OF GEXERAJ, REPEATED VIBRATION ON OXYGEN 
TENSION IN TEE B M N  OF RATS 

L .  D .  Luk'yanova 

Single  v ib ra t ion  o f  anitcals (70 cps)  caused the  ap- 
pearance of  3 success ive ly  developing phases : .  (a )  increase  
of' oxygen consumption by cerebral t i s s u e ,  (b)  decrease of 
i t s  consumption, (c )  r e s t o r a t i o n  per iod .  Repeated v ibra-  
t i ons  strengthened t h e  changes i n  each phase. Adaptation 
phenomenon w a s  no t  observed. Changes i n  the  l e v e l  of oxida- 
tive processes  induced by v ib ra t ion  are not i d e n t i c a l  i n  
d i f f e r e n t  parts of t h e  b r a i n .  Vibrat ion causes t h e  decrease 
of lymphocytes durtng the  f i rs t  hour, followed by leukocy- 
t o s i s .  

The s tudy shows t h a t  the  changes i n  oxygen t ens ion  and 
i n  t h e  l e v e l  o f  i t s  consumption by ce reb ra l  t i s s u e  r e f l e c t  
a s p e c i f i c  s ta te  o l  nerve t i s s u e ,  t h a t  develops i n  response 
to v ib ra t ion  e f f e c t .  

I n  . r iew of t h e  important r o l e  played by t h e  b r a i n  i n  t h e  a c t i v i t y  of 
h igher  organisms, it i s  easy  t o  understand why the re  i s  g r e a t  Fn te re s t  i n  
poss ib l e  changes i n  i t s  metabolism under the  condi t ions of space f l i g h t ,  spe- 
c i f i c a l l y ,  t h e  physicochemicalalterations i n  b r a i n  c e l l s  brought about by 
r e sp i r a t ion .  

/128 

The b r a i n  a t  rest seems t o  ob ta in  most of i t s  energy ae rob ica l ly .  Oxygen 
is consumed i n  t h e  b r a i n  much more r a p i d l y  than  i n  o t h e r  t i s s u e s ,  averaging 
3.5 ml p e r  109 g of t i s s u e  F e r  minute i n  a hea l thy  person. For  a human b r a i n  
of average weight it amount2 t o  a t o t a l  oxygen consumption of about 30 ml/min, 
o r  20 percent  of t h e  oxygen consumed by t h e  body as a whole. The ra te  i s  20 
t i m e s  more in t ense  than i n  t h e  muscles. 

The continuous supply of  oxygen t o  the  b r a i n  i s  e s s e n t i a l  f o r  i t s  normal 
a c t i v i t y .  Even a s h o r t  i n t e r r u p t i o n  tnay sharp ly  impair nervous a c t i v i t y .  

The increased demands rzade on t h e  b ra in  during space f l i g h t  r equ i r e  veiy 
c a r e f u l  a t t e n t i o n  t o  t h e  n o m a l  oxygen supply of the  body and t o  the  oxida- 
t t v e  processes  t h a t  take p lace  a t  t h i s  t i m e  i n  b ra in  t i s s u e  proper .  A w e l l  
known factor  i n  space f l i g h z  i s  v e r t i c a l  v ibra t ion .  Relevant i nves t iga t ions  
have shown t h a t  i n t ense  v ib ra t ion  causes changes i n  t h e  c e n t r a l  nervous and 
cardio-Jascular systems and hpa i rs  neurotrophic  regula t ion .  Eence v i b r a t i o n  
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can be assumed t o  e x e r t  some inf luence on the  oxida t ive  processes i n  b ra in  t i s -  
sue,  p a r t i c u l a r l y  on i t s  consumption of oxygen. 

Method 

It i s  now poss ib le  t o  determine the  oxygen concentrat ion of t h e  b ra in  /l29 
i n  mul t ip le  experiments by using the "oxygen cathode" method, which i s  
based on the  p r inc ip l e  of polarogr,aphic ana lys i s  (Davies and Brink, 1942). When 
negat ive voltage of about 0.4-0.8 V i s  supplied t o  the  cathode (platinum e lec -  
t r o d e ) ,  e l e c t r o l y t i c  reduct ion of oxygen takes  p lace  i n  the  so lu t ion ,  c r ea t ing  
a cur ren t  propor t iona l  t o  t h e  oxygen concentrat ion.  Any nonpolarizable e lec-  
t rode  may be  used as the  anode. I n  l i v i n g  systems it i s  b e s t  t o  use a s l l v e r -  
chlor inated s i l v e r  e lec t rode  (Ag  - A g C 1 ) .  

The speed of the  r eac t ion  i s  l imi t ed  by the  energy barr ier  of the  reduc- 
t i o n  process  and by the  rate a t  which oxygen reaches the  cathode. This va r i e s  
with the  concentrat ion g rad ien t  on the  e l ec t rode  sur face .  

W e  can s e l e c t ,  t he re fo re ,  condi t ions whereby oxygen reaches the  e l ec t rode  
sur face  a t  a maximum speed f o r  the  given d i f f u s i o n  condi t ions,  and the  e l ec -  
t r o l y s i s  cur ren t  ( c r i t i c a l  d i f fus ion  cur ren t  - Icr) changes very l i t t l e ,  b e i n g  

v i r t u a l l y  independent of changes i n  p o t e n t i a l  of the  c i r c u i t .  I n  the  present  
i nves t iga t ion  t h i s  w a s  accomplished by supplying voltage (0.6 V )  t o  the  cath- 
ode. Thus, I,, charac te r izes  oxygen tens ion  (p02) i n  the  t i s s u e s  under s tudy 

( i n  d iscuss ing  t h e  r e s u l t s ,  both values  w i l l  be  t r e a t e d  as equal ) .  

Since the  s o l u b i l i t y  of oxygen i n  an aqueous so lu t ion  i s  ve ry low,  the  
oxygen concentrat ion a t  constant temperature and under ordinary pressure  
i s  propor t iona l  t o  the  "oxygen tens ion"  i n  the  so lu t ion ,  t o  i t s  p a r t i a l  pres- 
sure  (pop) or amount of oxygen present  i n  equi l ikr ium with the  gaseous medium. 

Electrochemical and mathematical ana lys i s  of the  "oxygen cathode" method 
(Kolthoff and Lingane, 1946) shows t h a t  it can now be e f f e c t i v e l y  used i n  ex- 
periments on animals. 

We used as the  cathode a platinum e lec t rode  of  t h e  open d isk  type,  a 
platinum w i r e  0.1 mm i n  diameter w i t h  an uninsulated pointed t i p  covered with 
col lodion.  Before i n s e r t i o n  i n t o  the  b r a i n ,  the  e l ec t rodes  were ca l ib ra t ed  
under standard condi t ions (physiological  so lu t ion  a t  a constant  temperature 
and p res su re ) .  

s i l v e r  p l a t e  25 mm i n  s i z e  w a s  sewed t o  the  muscles of the  back while the  
der iv ing  t i p  w a s  drawn t o  the  outs ide .  The l i n e  diagram w a s  t he  same as t h a t  
used by A. D. Snezhko (1956). A s  recording devices  we employed automatic 

The nonpolarizable e l ec t rode  i n  the  form of a chlor inated 

2 

c 

recorders  (H = 373/2)  with a maximum s e n s i t i v i t y  of O.?*lO-' a (reading 

accurate  t o  a > .  
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T h i s  made it poss ib le  t o  have continuous t r a c i n g s  on graph paper.  Compen- 
sa t ion  devices  w e r e  hooked up to t h e  automatic recorders  to permit observat ion 
$ ~ f  s l i g h t  changes i n  t h e  s i g n a l  w i t h  heavy cur ren t  on the  most s e n s i t i v e  sca l e s .  

An ac ampl i f ie r  w a s  a t tached  t o  measure low c u r r e n t s  of t h e  order  of - 
13-'3 a (both systems were developed by V .  P.  Kornil'yev). 

Recording w a s  poss ib l e  or- seve ra l  channels simultaneously.  

The experimental  animals w e r e  white rats weighing 15Q3-2Q0 g .  Platinum 
e lec t rodes  w e r e  implanted under genera l  anes thes ia  i n  t h e  sensorimotor and audi-  
t o r y  regions of t he  co r t ex ,  as w e l l  as i n  t h e  formations of t he  s t r i o p a l l i d a l  
system. 

The experiments w e r e  perf'ormed i n  s p e c i a l  gas chambers w i t h  air enriched 
with a c a r e f u l l y  measured amount of oxygen ("oxygen sample") piped i n  (20 sec)  . 
The animal was unres t ra ined ,  'out within 2 days it usua l ly  became tame, t o l e r a t e d  
the experimental  condition's calmly and quick ly  f e l l  as leep  i n  the chamber. Due 
h t he  increase  i n  oxygen concentrat ion of t h e  inhaled a i r  brought about by the  
"oxygen sample," the  i n t e n s i f i c a t i o n  of t he  c r i t i c a l  cu r ren t  caused by change i n  
oxygen concentrat ion a t  the  cathode (AI,,) w a s  necessa r i ly  inverse ly  propor- 

t i o n a l  t o  the amount of oxygen consumed. Thus, i f  t h e  ox ida t ive  processes  are 
TJery a c t i v e ,  an add i t iona l  por t ion  of oxygen is  quickly consumed and t h e  tempo- 
r a r y  increase  i n  c r i t i c a l  cu r ren t  w i l l  be i n s i g n i f i c a n t .  If r e s p i r a t i o n  is de- 
pressed,  the sane oxygen samp:Le w i l l  markedly increase  the  AIcr above the 

o r i g l n a l  value.  

t h e  inev i t ab le  common background of the complex medium and makes it p o s s i b l e ,  
xhen c a l c u l a t i n g  only  the  hemodynamics, t o  eva lua te  the  changes i n  i n t e n s i t y  o f  
the  oxida t ive  processes  upon exposure of the organism t o  d i f f e r e n t  in f luences .  

Consequently, AIcr during an oxygen load permits  exclusion of 

Repeated (over  s eve ra l  days) measurement of t h e  absolute  values  of the 
c r i t i c a l  cur ren t  (Icr) and ch.snges t h e r e i n  caused by the oxygen sample (AIcr) 

provided f a i r l y  complete information about the  l e v e l  of r e s p i r a t i o n  i n  var ious 
p a r t s  of t he  b ra in  of normal animals. 

Af te r  ob ta in ing  c l ea r - cu t  values  of t h e  or iginal .  background of t h e  animals,  
w e  subjected t h e m  f o r  10 days i n  succession t o  15 min of v e r t i c a l  acce le ra t ion  
with a frequency of 70 cps an1 ampljtude of 0.5  m. 

I,, and AIcr vere  measured before  , during and f o r  s eve ra l  hours after 

v ib ra t ion .  

To exclude e r r o r s  due t o  noise  and t r a n s f e r  of the  animal from one chamber 
t o  another ,  preliminaxy con t ro l  experiments w e r e  performed i n  which v ib ra -  
t i o n  and a l l  the accompanying f a c t o r s  w e r e  continued. 
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The r e s u l t a n t  data w e r e  processed by the methods of nonparametric statis-  
t i c s .  

Resu l t s  

From the very  f i r s t  f e w  seconds of exposure t o  v i b r a t i o n  t h e  animals d i s -  
played a marked o r i e n t i n g  r eac t ion .  However, the motor r e a c t i o n  gene ra l ly  
ceased almost immediately. The animals cowered motionless on t h e  f l o o r  of the 
chamber during the f i rs t  10 min. A minute or two la te r ,  motor a c t i v i t y  devel-  
oped i n  many animals,  as they  began t o  rush  about and squeak. This r e a c t i o n  
disappeared as soon as the v ib ra t ion  w a s  ha l t ed .  The o r i e n t i n g  r e f l e x e s  w e a k -  
ened, and the animals remained i n h i b i t e d  f o r  about 15 min. Then t h e  e x t e r n a l  
d i f f e rences  from the c o n t r o l  a n i m a l s  disappeared. Some rats had an e p i l e p t o i d  
se i zu re  toward t h e  end of or immediately after v ib ra t ion .  

Inves t iga t ion  of t h e  I,, cha rac t e r i z ing  oxygen i n  t h e  b r a i n  t i s s u e s  of t h e  

experimental  animals showed that  PO decreased i n  most of them almost as soon 
as v ib ra t ion  w a s  s t a r t e d .  2 

This decrease w a s  s p e c i f i c  for v i b r a t i o n ,  because this  phenomenon d i d  not  
occur i n  the c o n t r o l  group. The d i f f e rences  i n  both  groups w e r e  s i g n i f i c a n t  
wi th  P < 0.05 (according t o  t h e  m e d i a n  c r i t e r i o n ) .  The value of the  cu r ren t  
started t o  increase  the 10th minute, bu t  re turned  t o  the  o r i g i n a l  l e v e l  as soon 
as the  v i b r a t i o n  w a s  h a l t e d .  Inves t iga t ion  of oxygen t ens ion  i n  t h e  b r a i n  t i s -  
sues of v ibra ted  animals showed tha t  there w e r e  two kinds of r eac t ions :  (1) a 
d i s t i n c t  decrease i n  p02 during the f i rs t  5 min of v i b r a t i o n ,  followed by an 

abnormal increase ;  (2)  a more or less pe rcep t ib l e  increase  i n  p02 during 

v ib ra t ion .  
conversely,  changes i n  p02 might have been i n  the  same or d i f f e r e n t  d i r e c t i o n s  

i n  d i f f e r e n t  regions of the b r a i n  on the same day ( f i g .  1). 
g r e a t  major i ty  of cases  p02 decreased i n  d i f f e r e n t  regions under the inf'luence 

of v ib ra t ion .  Table  1 shows the d i s t r i b u t i o n  of r eac t ions  of t h e  f i r s t  and 
second types i n  percentages of the t o t a l  number of experiments. 

/132 
The same animal might have r eac t ed  e i t h e r  w a y  on any given day and, 

However, i n  t h e  

It is  ev ident  from the table  t h a t  i n  t he  g r e a t  major i ty  of cases  the  re-  
ac t ions  t o  v i b r a t i o n  were of t h e  f i r s t  type. They w e r e  most a l ike  i n  t h e  sen- 
sorimotor co r t ex ,  where I,, and the re fo re  pa2 decreased i n  80 percent  of t h e  

cases  as soon as v i b r a t i o n  w a s  s tar ted.  The g r e a t e s t  d iss imilar i ty  of r eac t ions  
occurred i n  t h e  aud i to ry  co r t ex ,  where p02 decreased during v i b r a t i o n  i n  only  65 

percent  of the  cases  ( table  1 A ) .  /133 
regions exh ib i t ed  a tendency for r eac t ions  of the f i rs t  type t o  inc rease .  
e v e r ,  the motor subcortex showed more r eac t ions  of t h e  second type (table 1B). 

A f t e r  repeated exposures, t h e  c o r t i c a l  
How- 
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V i b r a t  ion Mter v ib ra t ion  

Figure 5 .  

i n  percent of original l e v e l  ( ra t  No. 72).  
A - - l s t  day of v ib ra t ion ;  B- 10 th  day; Curve 1 - - in  audi tory  
cor tex ;  Curve 2-- in  sensorimotor cor tex ;  Curve 3--in s t r i o -  
p a l l i d a l  formations.  Abscissa--time i n  minutes and hours; 
,Drdinate--value of I,, i n  percent  of o r i g i n a l  l e v e l .  

Change i n  values  of I,, during and after v ib ra t ion  

TABLE 1. 
OF INCREASE OR DECREASE I N  IC, DURING VIBRATION. 

NUMBER OF INSTAX,,"ES ( I N  PERCENT OF TOTAL NUMBER OF OBSERVATIONS) 

A (Is t -2nd-3rd day B (8 th-9 th- i0 th  day 
of v ib ra t ion )  of v ib ra t ion )  

Region inves t iga t ed  
Decrease 

Auditory cor tex  65 

Sensorimotor co r t ex  80 

Motor co r t ex  74 

I 
Increase  Decrease 

26 I 67 
I 

Increase  

26 

15 

33 

Within 10 min of the  start of v i b r a t i o n ,  p02 i n  t h e  b r a i n  regions under 
s tudy began t o  increase ,  sometimes achieving or exceeding the  normal l e v e l .  The 
maximum increase  i n  oxygen t ens ion  occurred 15-30 min after v ib ra t ion .  This w a s  
followed by a t h i r d  or r e s t o r a t i v e  phase t h a t  sometimes l a s t e d  seve ra l  hours 
when, after some f l u c t u a t i o n ,  t he re  w a s  a r e t u r n  t o  normal. 

i15 



12Oi- I 

c------ 110- 

B O [ ” ” ” ’  ‘ ’ ‘ ’ I I I 

Minutes Hours 
VSibr at ion A f t e r  v ib ra t ion  

Figure 2. 

i n  percent  of o r i g i n a l  l e v e l .  
A--auditory cor tex ;  B--sensorimotor cor tex;  C- - s t r iopa l l i da l  for- 
mations; Curve 1--mean value for f i r s t  3 v ib ra t ions ;  Curve 2--mean 
value f o r  last  3 v ib ra t ions  ( 8 t h ,  9 t h ,  10th days) .  
ordinate--same as i n  f i g u r e  1. 

Change i n  mean values of I,, during and a f t e r  v ib ra t ion  

Abscissa and 

TABLE 2. 
OF INCREASE OR DECREASE I N  I,, AFTER VIBRATION. 

NUMBER OF CASES ( I N  PERCENT OF TOTAL NUMBER OF OBSERVATIONS) 

A ( l s t -2nd-3rd  day B (8th-9th-10th day 
of v ib ra t ion )  of v ib ra t ion )  

D e  c r  e as e Increase Decrease Increase 
Region inves t iga ted  

Auditory cortex 86 14 67 33 

Sensorimotor co r t ex  64 36 77 23 

Motor cor tex  59 41 73 27 

Table 2 and f i g u r e  2 show t h a t  the  phase of increased p02 ( t a b l e  2 A ) ,  

e s p e c i a l l y  pronounced i n  the  audi tory  reg ion ,  occurred after v i b r a t i o n i n  the  cor- 
t e x  of most of t h e  animals.  I n  the motor subcortex,  however, t h e  number of 
cases  of increased p02 w a s  approximately equal  t o  the number of cases  of‘ de- 

c reased  PO Af te r  repeated exposures ( t a b l e  2B) t he re  was a tendency for the  
2’ 
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I 
number of cases  of increased p02 t o  r ise i n  t h e  sensorimotor co r t ex  and motor 

subcortex.  The reverse  took p lace  i n  the audi tory  cor tex .  The ex ten t  of the 
changes a l s o  var ied  w i t h  the number of exposures. It  i s  ev ident  from f i g u r e s  
2A and B t h a t  the g r e a t e r  t h e  number of exposures,  the  earlier the phase (of 
s h i f t  t o  the  l e f t  i n  t h e  audi tory  and sensorimotor regions of the  co r t ex )  set 
i n ,  and the w i d e r  it w a s  i n  am-?litude ( f i g s .  2B and C )  . 
was not immediately apparent .  W e  had t h e  impression t h a t  the r eac t ion  t o  the  
second exposure w a s  gene ra l ly  even weaker w i t h  r e spec t  t o  change i n  I,, than 

the  r eac t ion  t o  t h e  f i r s t  exposure ( f i g .  3) , e s p e c i a l l y  i n  the audi tory  co r t ex .  

However, t h i s  p a t t e r n  

I n  some a n i m a l s  pg2 changzd spasmodically rather than gradual ly ,  /w 
passing through per iods of apparent normalization. It w a s  only by comparing t h e  
e f f e c t  of t h e  f i r s t  exposures w i t h  t h e  las t ,  as mentioned be fo re ,  t h a t  w e  were 
able t o  d e t e c t  any change i n  t h e  development of the  e n t i r e  process .  More than 
10 exposures seem t o  be  necessary before  d i s t i n c t  and i r r e v e r s i b l e  changes can 
be  seen i n  the oxygen tens ion  of b r a i n  t i s s u e s  after v ib ra t ion .  

Analysis of the  changes produced by v ib ra t ion  i n  t h e  oxygen consumption of 

(1) increased consumption of oxygen charac te r ized  by  decrease i n  AIcr ;  
b r a i n  t i s s u e s  revealed the presence of three successive phases ,  as i n  t h e  case 
of Io: 

( 2 )  decreased consumption of oxygen due t o  increase  i n  AIcr;  (3 )  per iod  of 

r e s t o r a t i o n  during which the oxygen sample re turned  t o  normal. 

I - 
2 3 

a a l ~ 1 ~ ~ I t ~  1 1  1 1  1 
7 5 1015. I 5 15 SO 45 60 

Minutes Hours 
Vibra t ion  A f t e r  v i b r a t i o n  

Figure 3. 

i n  percent  of o r i g i n a l  l e v e l .  
A - - 1 s t  v ib ra t ion ;  B--&id v ib ra t ion .  Other  symbols same as i n  f i g -  
u re  1. 

Change i n  mean values  of I,, during and after v ib ra t ion  /135 
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Minutes Hours 
Vibra t ion  Af te r  v i b r a t i o n  

F igure  4. 

A - - 1 s t  v ib ra t ion ;  B--2nd v i b r a t i o n .  
cent of o r i g i n a l l e v e l .  Other symbols same as i n  f i g u r e  1. 

Change i n  mean values of AIc, during and after v i b r a t i o n .  

Ordinate--value of AIcr  i n  pe r -  

Determination of t he  mean values of AI,, during the  f i rs t  exposure t o  v i -  

b r a t i o n  showed t h a t  it decreased mostly i n  the sensorimotor co r t ex  and /136 
motor subcortex during the  f i r s t  minute. The decrease w a s  more pronounced i n  
t h e  subcortex (AIcr  w a s  38 and 55 percent  below normal i n  t h e  sensorimotor cor -  
t e x  and subcortex, r e s p e c t i v e l y ) .  I n  t h e  audi tory  co r t ex ,  t h e  maximum decrease 
i n  AI,, occurred l a t e r  ( i n  t h e  5th min),  bu t  it w a s  less than i n  the  o ther  t w o  

:regions (AIcr  decreased 85 percent ,  f i g .  4 ) .  

The r e t u r n  t o  normal started w h i l e  v i b r a t i o n  w a s  s t i l l  being app l i ed ,  be- 
tween the 5th and 10th min. Thus, t h e  f i r s t  phase lasted some 3-3 min. The 
second phase immediately followed t h e  ces sa t ion  of v i b r a t i o n .  A f t e r  t h e  f i r s t  
exposure, it w a s  most pronounced i n  the sensorimotor cor tex  (24  percent  above 
normal), l e a s t  pronounced i n  the motor subcortex (150 percent  below normal).  
The maximum i n  t h e s e  two regions occurred during t h e  f i r s t  minute fol lowing the  
ces sa t ion  of v i b r a t i o n ,  after which t h e r e  w a s  a gradual r e t u r n  t o  normal. This 
process w a s  u sua l ly  spasmodic, w i t h  a l t e r n a t i n g  per iods  of f a i r l y  sharp decrease 
and increase  i n  oxygen consumption by  the  b r a i n  t i s s u e s  (AIcr  increased and de- 

averaged ( f i g .  4) ,  t h i s  i r r e g u l a r i t y  w a s  not so apparent. Sometimes a 
second maximum c l e a r l y  developed ( f i g .  4B). 

creased accordingly ( f i g .  5 ) .  However, when t h e  ind iv idua l  values were /137 
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Figure 3. 
(rat  N o .  78).  
A - - 1 s t  v ib ra t ion ;  B--3rd v ib ra t ion .  Ordinate--value of SIcr 

i n  ae rcen t  of o r i g i n a l  l e v e l .  Other symbols same as i n  f i g -  

Change i n  values  of AIcr  during and after v ib ra t ion  

The dura t ion  of t he  phase of increased oxygen consumption i n  the audi tory  
[cortex w a s  much longer than i n  the o the r  reg ions .  After the  second exposure, 
t h e  f i r s t  phase set  i n  j u s t  as quickly and w i t h  equa l  i n t e n s i t y  i n  a l l  regions,  
bu t  it l a s t e d  longer than  after t h e  f i r s t  exposure. 
normal i n  t h e  sensorimotor co r t ex  and motor subcortex throughout t'ce per iod  of 
exposure t o  v ib ra t ion .  The start of the second phase s h i f t e d  i n  a l l  t h e  re- 
gions more t o  the r i g h t  ( t h a n  wi th  t h e  f i r s t  exposure),  i .e.,  the depression 
phase set rin somewhat later than i n  t h e  f i r s t  case ( f i g .  4 ) .  

There w a s  no r e t u r n  t o  

A comparison of t h e  mean values  obtained f o r  a l l  the  animals during the  
f i rs t  3 and last 3 v ib ra t ions  r evea l s  tha t  t h i s  s h i f t  i n  the  second phase w a s  a 
genera l  tendency of t h e  sensorimotor co r t ex  and motor subcortex,  which became 
manifested and i n t e n s i f i e d  a f ' t e r  repeated exposures ( f i g s .  6B and C )  . The m a x -  
i m a  of the rises did no t  coinzide i n  t i m e  and, i n  f a c t ,  they  w e r e  a t  d i f f e r e n t  
l e v e l s .  They increased  i n  t h e  sensorimotor co r t ex  and motor subcortex a f t e r  
repeated exposures, bo th  i n  amplitude and i n  du ra t ion  of the depression phase as 
compared with t h e  s i t u a t i o n  a f t e r  the f irst  exposure. 

The p a t t e r n  w a s  reversed i n  the  audi tory  cor tex .  The changes i n  oxygen 
consumption w e r e  much more pronounced af ' ter  t h e  f i r s t  v ib ra t ions ,  and they  l ev -  
e l e d  out  after repea ted  exposures ( f i g .  6 A ) .  
s i g n i f i c a n t  ( P  < 0.05 according t o  the  median t e s t ) .  

These changes w e r e  s t a t i s t i c a l l y  
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Change i n  mean values of AI,, during and after v i b r a t i o n  

Other sym- 

bo l s  same as i n  f i g u r e  2.  

However, desp i t e  t h e  common d i r e c t i o n  of the process,  there  were marked 
ind iv idua l  d i f f e rences  i n  t h e  development and a l t e r n a t i o n  of phases, as we l l  as 
i n  whether or not they  occurred i n  the  same animal after repeated exposures. 

This w a s  p a r t i c u l a r l y  t r u e  of t h e  f i r s t  phase, which set i n  while v ibra-  
t i o n  w a s  being appl ied .  

I n  some animals, t h e  phase of increased oxygen consumption w a s  noted i n  a l l  
the  reg ions  inves t iga t ed  i n  100 percent of the cases .  I n  o the r s ,  t he  phase d i d  
not appear, b u t  the phase of decreased oxygen consumption developed immediately. 
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But immediately a f t e r  v ib ra t ion  (30-60 min later) t h e r e  w a s  a sharp drop i n  
t he  lymphocyte count (24  percent below normal) i n  80 percent  of ca ses .  
w a s  a t o t a l  or p a r t i a l  r e t u r n  t o  normal or even a f a i r l y  pronounced lympho- /140 
c y t o s i s  ( i n  60 percent of cases  the number of lymphocytes w a s  b-0 percent above 
normal) 4-5 hours a f t e r  v i b r a t i o n .  
blood formula. I n  some cases ,  there w a s  a s l i g h t  increase  i n  t h e  number of seg- 
mentonuclear neu t roph i l s  and decrease i n  t h e  number of lymphocytes, o r  v i ce  
versa .  F i n a l l y ,  some of the animals exhib i ted  no changes at  a l l .  

There 

N o  d i s t i n c t  changes w e r e  observed i n  the 

Discussion 

Analysis of t h e  r e s u l t s  of our experiments c l e a r l y  shows that the oxida t ive  
I processes d i s t i n c t l y  r e a c t  t o  v ib ra t ion .  The s ta r t  of v i b r a t i o n  i s  gene ra l ly  

accompanied by a decrease i n  oxygen t ens ion  i n  b r a i n  t i s s u e  and consequent in -  
c rease  i n  oxygen consumption. A s i m i l a r ,  b u t  much more t r a n s i e n t  phenomenon w a s  
noted by N . Y a .  Kopyt ( 1961) , who made oxyhemometric measurements i n  man. 
ing t h e  f i r s t  2 min of v i b r a t i o n  he observed a 3 percent  decrease i n  oxygen sat- 
u ra t ion  of arterial  blood, followed by a r ap id  r e t u r n  t o  normal or even 2-3 
percent  increase  above normal. The author a sc r ibes  t h i s  t o  r e f l e x  r e s p i r a t o r y  
s t a n d s t i l l  i n  response t o  v i b r a t i o n  (phase I changes) i n  the  presence of good 
compensatory r e a c t i o n  of t h e  organism (phase 11--change i n  oxygen s a t u r a t i o n ) .  

D u r -  

A comparison of Kopyt's f i nd ings  wi th  o the r  published d a t a  and wi th  the 
r e s u l t s  of our own experiments led us t o  seek another explanation. Such s l i g h t  
and t r a n s i e n t  changes during v i b r a t i o n  are probably due t o  t h e  phys ica l  chaxac- 
t e r i s t i c s  of t h e  v i b r a t i o n  (frequency 10 cps) which l i e  below t h e  spectrum of 
f requencies  which have the g r e a t e s t  e f f e c t  on the organism. This explanat ion is  
q u i t e  p l aus ib l e  i n  the l i g h t  of the data of o the r  au thors ,  who found i n  most 
cases  t h a t  r e s p i r a t i o n  acce le ra t ed  (by  71-95 percent )  r a t h e r  than slowed during 
t h e  f i r s t  5 min of r e s p i r a t i o n ,  w i t h  a 47-84 percent increase  i n  depth 
(Borshchevskiy e t  a l .  , 1958; Lebedeva and Tsui Chun-shan, 1958; Tsui Chun-shan, 
1957). 
during t h e  f i r s t  10 min w i t h  s p a s t i c  phenomena i n  the s m a l l  b lood v e s s e l s .  
Study of systemic gas exchange i n  animals a f t e r  genera l  v ib ra t ion  (Lebedeva, 
1957; Kaschmazh, 1962) a l s o  revea led  an abnormal increase  i n  88 percent  of t h e  
cases ,  followed by a decrease a f t e r  more prolonged s t imu la t ion .  

According t o  t h e  d a t a  of t hese  and o the r  au thors ,  blood pressure  rose  

V .  A.  Uglov e t  a l .  ( 1935) mention a marked i n t e n s i f i c a t i o n  of metabolism 
during and a f t e r  v i b r a t i o n .  I n  view of the increased motor a c t i v i t y  of /141 
t he  animals during the  f i r s t  2 weeks of exposure t o  v i b r a t i o n ,  t hese  au thors  re- 
late the i n t e n s i f i c a t i o n  of gas exchange and metabolism fol lowing v i b r a t i o n  t o  
an  increase  i n  muscle tone,  caused by  the continuous inflow of impulses from the 
c e n t r a l  nervous system. These impulses are known t o  alter t i s s u e  metabolism, 
without s i g n i f i c a n t l y  a f f e c t i n g  i t s  s p e c i f i c  func t ion .  

W e  also must not underestimate t h e  r e f l e x  r e a c t i o n  of t h e  card iovascular  

of t h e  e n t i r e  organism and the  degree of oxygen s a t u r a t i o n  of blood and b r a i n  
t i s s u e .  

l and r e s p i r a t o r y  systems t o  v i b r a t i o n ,  which inf luences  bo th  t h e  metabolic rate 
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I Inves t iga t ion  of gas exchange after v i b r a t i o n  (Lebedeva, 1957) showed t h a t  
it remained high in  some animals f o r  some t i m e ,  whereas it quickly re turned  t o  
tiormal i n  o t h e r s .  
found t h a t  oxygen s a t u r a t i o n  of arterial  blood decreased during the  f i r s t  10 
min after v ib ra t ion ,  due, i n  h:is opinion, t o  increased oxygen consumption by 
t h e  t i s s u e s .  

A similar p a t t e r n  w a s  noted by N .  Y a .  Kopyt (1961), who 

However, t he  r e s u l t s  of this s tudy show t h a t  once v i b r a t i o n  i s  halted,  the  
bra in  regions i n  quest ion m y  exh ib i t  a sharp lowering of the  l e v e l  of oxygen 
consumption, fol lowing a sligh; increase  i n  oxygen tens ion .  Thus, the oxida t ive  
processes t h a t  take p lace  i n  the b r a i n  and o the r  t i s s u e s  at t h i s  t i m e  may pro- 
ceed i n  d i f f e r e n t  d i r e c t i o n s .  

I n h i b i t i o n  of t he  energy processes i n  b r a i n  t i s s u e s  with increased oxygen 
consumption elsewhere i n  t h e  organism suggests  t h a t  t h i s  phenomenon i s  not  t he  
r e s u l t  of change i n  the  oxygen xrpply of b r a i n  t i s s u e s ,  bu t  a r e f l e c t i o n  of the  
s p e c i f i c  state of nervous t i s s u e  developing i n  response to v ib ra t ion .  

On t h i s  basis it i s  reasonable t o  assume the fol lowing mechanism of ac t ion  
of v ib ra t ion  on t h e  oxida t ive  processes i n  the  b r a i n .  

Under t h e  inf luence  of v i b r a t i o n ,  numerous impulses from a v a r i e t y  of re- 
cep to r s ,  e s p e c i a l l y  t h e  propr ioreceptors ,  flow to the  c e n t r a l  nervous system, 
e x c i t i n g  f i r s t  t h e  c e n t e r s  of v i b r a t i o n  s e n s i t i v i t y  and then  the co r t ex ,  
thereby in t ens i fy ing  b r a i n  metabolism. This i s  apparent ly  the  reason t h a t  oxy- 
gen tens ion  decreases  i n  t h e  b r a i n ,  while oxygen consumption increases .  The 
immediate r e f l e x  of the cardic,vascular system causes  the  oxygen s a t u r a t i o n  of 
a r t e r i a l  blood t o  increase .  Wevertheless, owing t o  t h i s  state of t he  higher 
d iv i s ions  of the b r a i n ,  t he  excess oxygen i s  immediately consumed by t h e  
b r a i n  t i s s u e s ,  so  t h a t  AIcr  fa l ls  sharp ly ,  sometimes t o  zero.  
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The fur ther  e n t r y  of impulses into t h e  co r t ex  may give rise to a focus of 
p ro tec t ive  i n h i b i t i o n ,  due t o  overexc i ta t ion  of t h e  nerve c e l l s .  Despite the 
secondary increase  i n  oxygen s a t u r a t i o n  of a r t e r i a l  blood and, consequently,  of 
b r a i n  t i s s u e ,  t h i s  per iod  i s  marked by decreased consumption of oxygen i n  t h e  
b r a i n  regions under s tudy.  

The r e s t o r a t i v e  per iod  is apparent ly  cha rac t e r i zed  by r egu la r  a l t e r n a t i o n  
Qf i n h i b i t i o n  and normalization of e x c i t a t i o n ,  which accounts for the  phasic 
nature  of the changes i n  t h e  oxida t ive  processes  i n  the b r a i n  a t  t h i s  t i m e .  
However, as s t a t e d  before ,  there w e r e  some cases  i n  which oxygen tens ion  and 
oxygen consumption by nervous t i s s u e  changed i n  a d i f f e r e n t  way under the i n f l u -  
ence of v ib ra t ion .  

oxygen consumption ( inc rease  i n  AIcr )  s e t  i n  during v i b r a t i o n ,  whereas i n  o the r s  

it d i d  not  occur at  all, even after v i b r a t i o n ,  and it took a long t i m e  f o r  the 
oxida t ive  processes t o  become normal. Such a v a r i a t i o n  i n  responses seems t o  be 
due t o  t h e  typologica l  c h a r a c t e r i s t i c s  of t h e  animals and the  o r i g i n a l  func-  
t i o n a l  state of t he i r  nervous system. The nerve c e l l s  may become overexci ted 
very r ap id ly  i n  v ib ra t ed  animzls without  f a i r l y  s t rong  i n h i b i t o r y  and exc i to ry  

For example, i n  some animals t h e  phase of h igh  p02 and low 



processes,  so tha t  t h e  oxida t ive  processes i n  nervous t i s s u e  a r e  immediately 
affected. However, i n  v ib ra t ed  animals w i t h  s t rong  exc i to ry  processes ,  p ro tec  - 
t i v e  i n h i b i t i o n  apparent ly  does not occur at a l l .  

Another f a c t o r  t o  be considered i s  the animals' o r i e n t i n g  r e a c t i o n  t o  
v ib ra t ion ,  which may i n t e n s i f y  i t s  e f f e c t .  Prolongat ion of the first phase and 
increase  i n  r eac t ions  of t h i s  kind, as w e l l  as t h e  sh i f t  of t h e  second phase t o  
the  l e f t  as e a r l y  as the second or t h i r d  exposure t o  v i b r a t i o n ,  are apparent ly  
i n d i c a t i v e  of both a gradual  decrease i n  the o r i e n t i n g  r eac t ion  and t h e  develop- 
ment of compensatory processes.  The subsequent course of t he  r e a c t i o n  t o  v ib ra -  
t i o n  confirms t h e  f a c t  that  it i s  a question of compensation r a t h e r  than adapta- 
t i o n .  

W e  mentioned earlier that  t h e  second phase sets i n  sooner after repeated 
expo'sures and i s  more in t ense .  This could not happen if there w e r e  adapta t ion .  
Owing t o  the  l i m i t a t i o n s  of t h e  compensatory mechanisms, t h e i r  r o l e  seems 
t o  diminish after some t i m e .  P ro t ec t ive  i n h i b i t i o n  develops at t h e  same time 
i n  the higher po r t ions  of t h e  b r a i n ,  due t o  ove rexc i t a t ion  of the nerve c e l l s  
fol lowing gradual weakening of t h e  i n h i b i t o r y  process.  Such p r o t e c t i v e  i n h i b i -  
t i o n  i s  much more pronounced than during the  f i r s t  few days after v ib ra t ion .  
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This state can probably be i n t e r p r e t e d  as a form of c i r c u l a r  neuros is  
( I .  P. Pavlov),  when t h e  nervous system i s  overs t ra ined .  
t i m e  requi red  f o r  rest may be i n s u f f i c i e n t  and, depending on t h e  degree of weak- 
ening and i n t e n s i t y  of i n h i b i t i o n ,  i n h i b i t i o n  may p e r s i s t  f o r  a long t i m e .  The 
considerable ind iv idua l  f l u c t u a t i o n s  observed i n  each animal on d i f f e r e n t  days 
after repea ted  exposures are obviously related t o  t h e  o r i g i n a l  f u n c t i o n a l  state 
of i t s  c e n t r a l  nervous system. 

Then the amount of 

It a l s o  fo l lows  from our data t h a t  t he  var ious  regions of t h e  b r a i n  i n  the 
same animal may r e a c t  d i f f e r e n t l y  t o  v i b r a t i o n  a t  the same t i m e .  

It i s  ev ident  from table 1 t h a t  most devia t ions  from t h e  t y p i c a l  p a t t e r n  
of decrease i n  p02 during t h e  f irst  3 exposures occurred i n  t h e  aud i to ry  cortex.  

It w a s  here  t h a t  the second phase of increase  i n  p02 (table 2) w a s  most pro- 

nounced. There are numerous re ferences  i n  t h e  literature t o  t h e  great frequency 
wi th  which hear ing  is impaired by v i b r a t i o n .  It sharp ly  lowers t h e  threshold  of 
hear ing  and slows i t s  r e s t o r a t i o n .  The aud i to ry  cen te r  may be stimulated: 
d i r e c t l y  from t h e  aud i to ry  apparatus because v i b r a t i o n  is' always a s soc ia t ed  wi th  
noise;  (a) 'by s t imu la t ion  of t h e  v e s t i b u l a r  apparatus;  ( c )  by induction with 
genera l  e x c i t a t i o n  of t h e  cor tex .  A focus of g r e a t e r  e x c i t a t i o n  i s  c r e a t e d  here 
than  i n  t h e  o the r  reg ions  inves t iga t ed ,  and consequently pa rab ios i s  e a s i l y  de- 
velops.  However, repea ted  exposure t o  v i b r a t i o n  has the r e s u l t  tha t  t h i s  cen te r  
adapts ,  a t  l e a s t  t o  t h e  noise  canponent, because a comparison of the r e s u l t s  ob- 
t a ined  after 8-9-10 exposures ( f i g s .  2 and 6) shows a s t r i k i n g  increase  i n  t h i s  
reg ion  i n  cases  of decreased oxygen consumption during v i b r a t i o n  and a decrease 
i n  t h e  number of cases  of i n h i b i t i o n  developing after v i b r a t i o n .  

(a) 

Thus, a l l  t hese  d a t a  Ind ica t e ,  f i rs t ,  t h a t  e x c i t a t i o n  v a r i e s  i n  i n t e n s i t y  
i n  d i f f e r e n t  p a r t s  of t h e  b r a i n ;  second, that; t h e r e  i s  no adapta t ion  t o  
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COMBINED EFFECT OF GENERAL VERTICAL VIBRATION AND IRRADIATION 
ON TRE OXIDATIVE PROCESSES I N  TRE BRAIN O F  RATS 

L. D .  Luk'yanova 

AJ3STRACT 

Changes of  ox ida t ive  processes  i n  ce reb ra l  t i s s u e s  of 
animals ( r a t s )  exposed t o  v ib ra t ion  wi th  subsequent i r r a d i a -  
t i o n  proceeded d i f f e r e n t l y  than those of animals subjected 
t o  each e f f e c t  separa te ly .  Summation e f f e c t  induced by vi-  
b r a t i o n  w a s  no t  observed. Surv iva l  of  animals i n  t h e  second 
case w a s  s i g n i f i c a n t l y  h igher  than t h a t  i n  t h e  group o f  ir- 
rad ia ted  animals. 

A pa ra l l e l i sm between t h e  func t iona l  state of  nerve 
cen te r s  of  i r r a d i a t e d  animals and oxida t ive  processes  i n  t h e  
b ra in  w a s  observed. The mechanism of  t h e  combined e f f e c t s  
of v ib ra t ion  and i r r a d i a t i o n  on oxygen consumption by cere- 
b r a l  t i s s u e  i s  discussed.  

We know a g r e a t  d e a l  about t he  e f f e c t  of  r a d i a t i o n  on t h e  organism, /145 
but  l i t t l e  about t h e  e f f e c t  of  r a d i a t i o n  combined wi th  v ib ra t ion ,  ac- 
c e l e r a t i o n  or o t h e r  f a c t o r s .  A. N. Ganshina (1961) showed, on t h e  basis of 
pathologico-anatomical da t a ,  t h a t  v ib ra t ion  i n t e n s i f i e s  t h e  e f f e c t  of acu te  ir- 
r ad ia t ion  without s i g n i f i c a n t l y  changing the  e f f e c t  of f r a c t i o n a l  i r r a d i a t i o n .  

Z. I. Apanasenko notes  t h a t  v i b r a t i o n  has a d i s t i n c t  e f f e c t  on t h e  sponta- 
neous e l e c t r i c  a c t i v i t y  of muscles i n  t h e  hind l e g s  of  i r r a d i a t e d  guinea p i g s  
and on t h e  l a t e n t  per iod of  t h e  myoelectric r eac t ion  af ter  v e s t i b u l a r  s t imula-  
t i on .  This w a s  a l s o  t h e  conclusion of  M. A. Kuznetsova, who s tudied  changes i n  
t h e  l a t e n t  per iod of  t he  defense f l e x o r  r e f l e x .  These two inves t iga t ions  ex- 
haus t  t he  l i t e r a t u r e  dea l ing  with t h e  combined e f f e c t  of v ib ra t ion  and i r r a d i a -  
t i o n .  No a t t e n t i o n  has been paid t o  t h e  i n t e n s i t y  of t h e  oxida t ive  processes  
as a resu l t  of t h e  combined ac t ion .  Y e t  t h e  problem i s  an extremely Important 
one because t h e  oxida t ive  processes ,  i . e . ,  t i s s u e  r e s p i r a t i o n ,  are sources of  
energy required f o r  t h e  performance of a g r e a t  v a r i e t y  of  phys io logica l  Func- 
t i o n s  and the  execution of t h e  normal a c t i v i t y  of  a l l  t h e  c e l l u l a r  elements i n  
t h e  body. 

The purpose o f  t h i s  s tudy  w a s  t o  i n v e s t i g a t e  the  e f f e c t  of  genera l  v e r t i -  
c a l  v ib ra t ion  and i r r a d i a t i o n  on oxygen tens ion  and oxygen consumption i n  b r a i n  
t i s s u e s  of  t h e  white r a t .  Vibrat ion was appl ied under t h e  following condi- 
t ions :  frequency 70 cps,  amplitude 0.4 mm, dura t ion  of  s t imula t ion  1-5 min. The 
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*mimals w e r e  i r r a d i a t e d  with a l e t h a l  dose of  6GO r from a RUP-1 machine, dose 
rate 22-43 r/min, t i m e  of r o t a t i o n  15-25 min, d i s t ance  45 cm, f i l t e r s  0.5 mm 
c11 + 0.75 mm Al. 

f h o  nhnnno i n  
The method w a s  descr ibed i n  d e t a i l  i n  an ear l ier  a r t i c l e  i n  t h i s  c o l -  /I46 I 

I l e c t i o n .  The charges i n  oxygen tens ion  w e r e  evaluated from buL L,LuLL6G .LLI 

c r i t i c a l  cur ren t  ( I c r ) ,  and t h e  change i n  l e v e l  of oxygen consumption, from 

the change i n  value of I,, caused by an “oxygen sample” suppl ied f o r  20 sec  
@Icy) * 

Foiir groups of  animals were inves t iga t ed :  (1) ra t s  exposed t o  v ib ra t ion  
followed 15 min l a te r  b y  i r r a d i a t i o n  wi th  a dose of 600 r; (2) rats i r r a d i a t e d  
wrth a dose of 600 r without  preceding v ib ra t ion ;  (3) r a t s  exposed only t o  v i -  
b r a t i o n ;  (4 )  con t ro l  animals.  A t  t he  same t i m e  t h e  hematological i nd ices ,  
weight.  gene ra l  c l i n i c a l  condi t ion  and su rv iva l  rate of the animals  w e r e  observ- 
ed.  The res i i l t an t  d a t a  w e r e  processed b y  t h e  method of nonparametric s t a t i s t i c s .  I 

I 5 1015 i I : 15 30 u5 60 2 9 8 U L 2 ’ ” 1 ’ . u ’ ’  ’ ’  

Minutes Hours 
Uibrat.ion After v ib ra t ion  

Figure 1. Change i n  mean values  of I,, during and after 
first v ib ra t ion  fcllowed by i r r a d i a t i o n .  
A- - aud i to ry  cor tex ;  B- - sensorimotor cor tex;  C- - s t r i o p a l -  
l i d a l  formations; Curve 1--animals exposed t o  v ib ra t ion  
alone; Curve 2--animals exposed t o  i r r a d i a t i o n  alone; 
Curve 3--animals exposed t o  v ib ra t ion  followed by i r r a d i -  
a t i o n .  Abscissa--time i n  min and hours; ordinate--value 
of I,, i n  percent  of  o r i g i n a l  l e v e l .  
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F igure  2.  
and after second v i b r a t i o n .  
Curve 1- -noni r rad ia ted  a n i m a l s  ( c o n t r o l )  ; 
Curve 2--animals irradiated day be fo re .  Other 
symbols same as i n  f i g u r e  1. 

Change i n  mean values of Icr during 

It i s  evident from f i g u r e  1 t h a t  immediately after exposure a l l  i r-  /147 
r ad ia t ed  rats exh ib i t ed  a pe rcep t ib l e  inc rease  i n  the c r i t i c a l  cu r ren t ,  an i n d i -  
ca t ion  of increased oxygen tens ion  i n  the t i s s u e s  under study. 

a l l y  re turned  t o  normal during t h e  next few hours, bu t  at d i f f e r e n t  r a t e s  i n  t h e  
var ious  p a r t s  of t h e  b r a i n .  

The p02 gradu- 

I n  the animals i r r a d i a t e d  after exposure t o  v i b r a t i o n ,  t h e  changes i n  oxy- 
gen t ens ion  i n  the  t i s s u e s  under study sca rce ly  d i f f e r e d  from the  values ob- 
t a i n e d  a f t e r  v i b r a t i o n  alone. 

i n  the  sensorimotor co r t ex  and motor subcortex much later (2-3 hours after 
i r r a d i a t i o n ) ,  bu t  t h i s  d i f f e rence  w a s  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

There was a s l i g h t  tendency f o r  p02 til increase  

Af t e r  the second v ib ra t ion  the changes i n  oxygen t ens ion  i n  t h e  irradiated 
animals d i f f e r e d  sharp ly  from those  i n  the  noni r rad ia ted  animals ( f i g .  2 ) .  For 
example, oxygen t ens ion  during v i b r a t i o n  decreased i n  t h e  audi tory  co r t ex  /148 
and motor subcortex much more than  it did i n  t h e  noni r rad ia ted  animals. The i n -  
crease i n  oxygen t ens ion  after v i b r a t i o n  was a l s o  much g r e a t e r  i n  a l l  regions 
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i nves t iga t ed ,  and i n  t h e  regions a s soc ia t ed  w i t h  motor a c t i v i t y  it f a i l e d  t o  re- 
t u r n  t o  normal even after 3-4 hours.  Oxygen t ens ion  s t a r t e d  t o  increase  appre- 
c i a b l y  i n  t h e  aud i to ry  cor tex  even before  v i b r a t i o n  w a s  halted, and the increase  
p e r s i s t e d  wi th  pe r iod ic  f l u c t u a t i o n s  f o r  about 3 hours thereafter. 

The dynamics of t h e  changes i n  oxygen t ens ion  i n  b r a i n  t i s s u e s  as r a d i a t i o n  
s ickness  developed i n  the animals exposed t o  both  v ib ra t ion  and r a d i a t i o n  w a s  
a l s o  p e c u l i a r .  
s e v e r a l  days a f t e r  i r r a d i a t i o n  i n  a l l  experimental  a n i m a l s .  However, in those  
subjec ted  t o  the combined a c t i o n ,  t hese  changes w e r e  much more spasmodic. I n  
t h e  subcortex,  f o r  example, oxygen tension w i t h  marked f l u c t u a t i o n s  i n  e i t h e r  
d i r e c t i o n  f l u c t u a t e d  around t h e  normal l e v e l  ( f i g .  3) . 

A gradual  decrease i n  oxygen t ens ion  i n  the b r a i n  w a s  noted 

Even sharper differences were revea led  by an. ana lys i s  of t h e  changes /149 
i n  AI,,, which r e f l e c t s  changes i n  oxygen consumption by b r a i n  t i s sues .  

rate of oxygen consumption i s  known t o  decrease i n  i r r a d i a t e d  animals immedi- 
a t e l y  after exposure (Snezhko, 1960). Our inves t iga t ions  confirmed t h i s  /15O 
phenomenon. It is evident  from f i g u r e  4 t ha t  w i th in  5 min of i r r a d i a t i o n  there 
vas  extreme i n h i b i t i o n  of t h e  rate of oxygen consumption by t h e  t i s s u e s  under 
s tudy ,  aga ins t  a background of increased oxygen tens ion  i n  t h e  same t i s s u e s .  
However, i n  t h e  animals exposed t o  v ib ra t ion ,  oxygen t ens ion  i n  most ca ses  w a s  
almost normal wi th in  a f e w  hours of t he  a c t i o n ,  bu t  i n  t h e  i r r a d i a t e d  animals 
t h e  rate of oxygen consumption remained w e l l  below normal, d e s p i t e  t h e  s l i g h t  
decrease i n  AIcr wi th in  30 mir.  of exposure. There w a s  no c o r r e l a t i o n  between 

The 

Figure  3 .  

on d i f f e r e n t  d&ys i n  animals exposed t o  v i b r a t i o n  
and i r r a d i a t i o n  and t o  v ib ra t ion  alone.  
Curve 1 - -con t ro l  animals; Curve 2--animals exposed 
t o  v i b r a t i o n  alone; Curve 3--animals exposed t o  i r -  
r a d i a t i o n  alone; Curve 4--animals exposed t o  v i b r a -  
t i o n  and then  t o  i r r a d i a t i o n .  Abscissa- t i m e  a f t e r  
ac t ion  i n  days Other symbols same as i n  f i g u r e  1. 

Dynmics of change i n  aean values of Icr 



A 

B 

C 

t he  changes i n  t h e  var ious  p a r t s  of t h e  bra in .  The g r e a t e s t  abnormali t ies  were 
noted i n  t h e  motor subcortex and audi tory  cortex.  

The p a t t e r n  w a s  d i f f e r e n t  i n  the  animals subjected t o  v ib ra t ion  and then 
i r r a d i a t e d .  Due t o  suppression of the  oxida t ive  processes  i n  t h e  b r a i n  follow- 
i ng  v ib ra t ion ,  i r r a d i a t l o n  w a s  ca r r i ed  ou t  aga ins t  a background of decreased 

13 0 

Minut e s Hours 
Vibrat ion After v ib ra t ion  

Figure 4. a f te r  

f i r s t  v ib ra t ion  followed by i r r a d i a t i o n .  
Curve 1--animals exposed t o  v ib ra t ion  alone; Curve 2--ani- 
mals exposed t o  i r r a d i a t i o n  alone; Curve 3--animals exposed 
t o  v ib ra t ion  followed by i r r a d i a t i o n .  Ordinate--value of. 
AI,, i n  percent  of o r i g i n a l  l e v e l .  

Change i n  mean values of A I c r  dur ing and 

Other symbols same as i n  f i g u r e  1. 



oxygen consumption by the  b r a h  t i s s u e s .  However, t h e  condi t ion  did not  pro- 
g r e s s ,  i .e.  , there  w a s  no sumnation of the e f f e c t s  of r a d i a t i o n  and v ib ra t ion .  
The process w a s  i n  the same d i r e c t i o n  as .in t h e  animals subjec ted  t o  v i b r a t i o n  
alone,  and it took p lace  t h e  -f’irst hour at  the same l e v e l  ( f i g .  4). A masked 
increase i n  AI,, and, consequently,  corresponding decrease i n  t h e  rate of oxy- 
gen  eonsumption took p lace  only 1-2 hours later,  and exc lus ive ly  i n  the aud i -  
t o r y  cor tex  and motor subcortex.  

’ 

The changes t h a t  r e s u l t e d  f r o a  the second v ib ra t ion  appl ied  the day a f t e r  
i r r a d i a t i o n  sca rce ly  d i f f e r e d  from those  noted i n  the animals subjec ted  t o  
. l ibrat ion alone. There w a s  merely a s l i g h t  ( s t a t i s t i c a l l y  i n s i g n i f i c a n t )  de- 
crease i n  the response i n  t h e  c o r t i c a l  regions at t h e  t i m e  of v ib ra t ion .  Oxy- 
gen consumptton simultaneously decreased i n  the  motor subcortex ( f i g .  ?) .  

The dynamics of change i n  AIcr  during the f i r s t  f e w  days a f t e r  i r r a d i a t i o n  

was n o t  i d e n t i c a l  i n  d i f f e r e n t  p a r t s  of t h e  b r a i n  i n  the i r r a d i a t e d  animals and 
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Figure 5 .  
second v ib ra t ion .  
Curve 1- -noni r rad ia ted  a n i m a l s  ( con t ro l )  ; 
Curve 2--animals irradiated day be fo re .  Ordinate--value 
of AIcr i n  percent  of o r i g i n a l  l e v e l .  

as i n  f i g u r e  1. 

Change i n  m e a n  values  of AIcr during znd after 

Other symbols same 
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Figure 6.  Dynamics of change i n  mean values of AIcr 

on d i f f e r e n t  days i n  var ious  groups of a n i m a l s .  
Curve 1- -cont ro l  animals; Curve 2--animals exposed 
t o  v i b r a t i o n  alone; Curve 3--animals exposed t o  i r r a -  
d i a t i o n  alone; Curve 4--animals exposed t o  v i b r a t i o n  
followed by i r r a d i a t i o n .  Abscissa--time i n  days. 
Ordinate--value of AIcr  i n  percent  of o r i g i n a l  l e v e l .  

Other symbols same as i n  f i g u r e  1. 

i n  those subjec ted  t o  t h e  combined a c t i o n  ( f i g .  6 ) .  
t h e  c o r t i c a l  regions dropped q u i t e  pe rcep t ib ly  i n  the first group of animals 
during t h e  f irst  few days after i r r a d i a t i o n .  However, i n  the animals subjec ted  
t o  v i b r a t i o n ,  t h i s  a l s o  occurred after the very  f l r s t  ac t ion .  But t h e  subse- 
quent state of increased oxygen consumption, which p e r s i s t e d  for s e v e r a l  days, 
was even more pronounced i n  these  reg ions  i n  t h e  v ib ra t ed  animals than i n  the  
i r r a d i a t e d  animals. J u s t  before the i r r a d i a t e d  animals died, t h e  rate of oxygen 
consumption again dropped sharp ly  i n  t h e  sensorimotor co r t ex .  I n  t h e  motor 

Oxygen consumption i n  



subcortex,  aP,. started t o  decrease the  very f i r s t  day, and the process /151 -_  
i n t e n s i f i e d  u n t i l  t h e  animals died, suggest ing t h a t  the rate of oxygen consump- 
t i o n  increased a t  t h i s  t i m e  i n  the region i n  quest ion unl ike  t h a t  i n  t h e  con t ro l  
and v ib ra t ed  animals ( f i g .  e). 

I In  t h e  animals subJected t o  the combined a c t i o n ,  t h e  changes i n  GIc r  could 

be divided i n t o  two stages. 
l e v e l  of oxygen consumption changed i n  the same d i r e c t i o n  as i n  t h e  v ib ra t ed  

However, the changes i n  AIcr  then 

During the f i r s t  2-4 days after i r r a d i a t i o n ,  t h e  

~ animals,  bu t  the i r  amplitude w a s  g r e a t e r .  

followed the  changes observed i n  t h e  irradiated animals, with which they  co in-  
c ided i n  phase, although of g rea t e r  amplitude. I t  w a s  only on the  12th day t h a t  
there w a s  a r e a c t i o n  d i r e c t l y  opposi te  t o  t h a t  which occurred i n  the irradiated 
animals,  i . e . ,  a sharp decrease i n  t h e  rate of oxygen consumption by t h e  / l52 
b ra in  t i s s u e s  ( f i g .  6 ) .  

C l i n i c a l  examination of the rats showed t h a t  axiong the  animals exposed t o  
i r r a d i a t i o n  alone,  the m o r t a l i t y  rate w a s  much higher than among t h e  a n i m a l s  ex- 
posed t o  i r r a d i a t i o n  after v ib ra t ion .  /153 
animals d i ed  on the average 10 days (between the 8 t h  and 13th days) after expo- 
sure  t o  ion iz ing  r a d i a t i o n .  The hematological i nd ices  changed the  day after ir-  
radiat ion--drop i n  leukocyte count,  sharp increase  i n  number of segmentonuclear 
neut rophi l s  and an equa l ly  sharp decrease i n  number of lymphocytes ( f i g .  7 and 
table,  A ) .  A s  r a d i a t i o n  s ickness  progressed,  t he  leukopenia i n t e n s i f i e d .  I n  

some cases  there were about X O  leukocytes per  cm3 of blood j u s t  be fo re  t h e  
a n i m a l s  died. Blood w a s  gene ra l ly  not  taken a t  t h i s  t i m e .  On the t h i r d  day the  
neut rophi l s  and lymphocytes disappeared almost completely from the  blood,  w i t h  
only the  w a l l s  of the  destroyed c e l l s  remaining. On d i s s e c t i o n  a l l  anilzlals w e r e  
found t o  have pernicious anemia. 

Among the former,  r3 percent  of the 

The course of r a d i a t i o n  s ickness  proceeded d i f f e r e n t l y  i n  the animals ex- 
posed t o  i r r a d i a t i o n  after vi 'crat ion.  To begin wi th ,  the  mor t a l i t y  r a t e  w a s  
only 30 percent .  Moreover, th .e  animals d i ed  somewhat later than did those i n  
the  f i r s t  group (on t h e  14th  or 15th day) .  
veloped t h e  same acute  leukopenia as the irradiated animals.  S t a r t i n g  t h e  3rd 
t o  5 th  days,  t h e  process  h a l t e d ,  b u t  on the  10th day r e s t o r a t i o n  of the  
elements of t he  l i q u i d  white blood ( f i g .  7) began. However, i n  many rats of 
t h i s  group, blood coagu lab i l i t y  w a s  much higher  than  i n  t h e  irradiated animals 
and unl ike  t h e m ,  the  number of lymphocytes started t o  increase  by the  3rd day, 
reaching a maximum on the 5th day; bu t  t h e  number of segmentonuclear neut rophi l s  
decreased ( table ,  B)  . 
r e s to red .  

During t h e  f i r s t  3 days a l l  rats de- 

/I54 

However, by  the 10th day the blood formula w a s  l a r g e l y  

A t  the  he ight  of r ad ia t ion  s i ckness ,  t h e  animals exposed t o  i r r a d i a t i o n  
after v ib ra t ion  sometimes showed the presence of a s u b s t a n t i a l  number of i m -  
mature neut rophi l s  (about 10-14 percent )  b u t  a marked eos inoph i l i a  (about 8-14 
percent)  i n  the  recovery per iod .  
completely normal i n  the surv iv ing  a n i m a l s .  I n  t h e  dead a n i m a l s ,  t he  changes i n  

Between t h e  15th and 25th days,  t h e  blood w a s  
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t h e  blood formula w e r e  i n  t h e  same d i r e c t i o n  as i n  t h e  surv ivors ,  b u t  not as i n  
t h e  i r r a d i a t e d  animals. 
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Figure 7. Dynamics of change i n  leukocyte count on d i f f e r e n t  days 
i n  animals exposed t o  v i b r a t i o n  followed by  i r r a d i a t i o n  (1) and i n  
animals exposed t o  i r r a d i a t i o n  alone ( 2 )  . 
Abscissa--time i n  days; ordinate--number of leukocytes i n  1 ern3 of 
blood. 

CHANGE I N  NUMBER OF FORMED BLOOD ELEMENTS ( I N  PERCENT OF O R I G I N A L  U V E L ) .  
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I r r a d i a t i o n  ( A )  

Segmentonuclear 
neut rophi l s  LY’Whocfies 

2 44 8 
Destroyed ce l l s  

Destroyed c e l l s  

E i t h e r  c e l l s  w e r e  destroyed,  
or t h e r e  w a s  so l i t t l e  blood 
smears could not  be taken 

Vibrat ion followed by  i r r a d i a t i o n  (B)  

Segmentonuclear 
neut rophi l s  Lymphocytes 

- - 
65 116 

( i n  50% of cases  blood contained 
c l o t s )  

67 129 
( i n  37% of cases blood contained 

c l o t s )  

42 106 

93 93 



Discussior! 

I Some authors  found a d i s t i n c t  decrease i n  gas exchange some t i m e  /I55 
d t e r  the  an imals  w e r e  irradiated with lethal and sub le tha l  doses of X-rays 
or y-rays.  Others,  f a i l i n g  t o  observe t h i s  phenomenon, contended t h a t  f l u c t u a -  
t i o n s  i n  gas exchange are not exc lus ive ly  c h a r a c t e r i s t i c  of r a d i a t i o n  s ickness .  

Our f ind ings  suggest t h a t  there are signif ' icant d i f f e rences  w i t ! !  r espec t  t o  
oxygen consumption by b r a i n  t i 3 sues  between animals exposed t o  v i b r a t i o n  
r'ollowed by i r r a d i a t i o n  and animals exposed t o  i r r a d i a t i o n  alone, There are 
f a i r l y  numerous and cont rad ic tory  published data on the  changes i n  gas  exchange 
and ffiet&olism i n  r a d i a t i o n  s ickness .  

There is also a reference  t o  t h e  p o s s i b i l i t y  of some increase  i n  i n t e n s i t y  
OF gas exchange during t h e  i n i t i a l  stages of r a d i a t i o n  s ickness .  

Kirschner e t  a l .  (1949) were unable t o  d e t e c t  any changes i n  oxygen con- 
sumption by rats immediately a f t e r  they w e r e  i r r a d i a t e d  w i t h  54-972 r doses.  
B u t  1-3 days later they  observed marked i n t e n s i f i c a t i o n  of gas exchange, which 
w a s  most pronounced after the  use of l e t h a l  doses of X-rays (about 158 percent  
above normal). 
d t e r  which t h e  animals soon died with symptoms of acute  r ad ia t ion  s ickness .  

T h i s  w a s  invar iab ly  followed by a decrease i n  gas exchange, 

Schneider and Braun (196'3) noted t h e  onse t  of a phase of increased oxygen 
consumption by rats ( 2 2  hours after i r r a d i a t i o n  with a dose of 639 r )  only a f t e r  
an i n i t i a l  (wi th in  3-6 hours) sharp decrease i n  oxygen consumption by the  
animals. 

Somewhat d i f f e r e n t  d a t a  xere obtained by Y e .  F .  Romantsev and I .  I.  I-mnov 
(1953) ,1 who demonstrated a tendency for r e s p i r a t o r y  gas exchange t o  decrease 
after 72-96 hours i n  mice irradiated w i t h  a dose of 6 ~ 0  r .  During t h e  terminal  
stage of r a d i a t i o n  s ickness  ( 8 t h  day) ,  gas exchange decreased more than 50 per-  
c e n t ,  an invar iab le  s ign  of approaching death. 

Other i nves t iga to r s  came t o  s i m i l a r  conclusions (Reprev, 1926; Bondarenko, 
1961; Lyalin,  1961). 

N. Blokhin (1938) showed tha t  X- i r rad ia t ion  (300-750 r) of the hypophyseal 
region almost immediately alters gas exchange i n  var ious organs, e i ther  by i n -  
creasing or decreasing it. For example, a f t e r  i r r a d i a t i o n  the  i n t e n s i t y  of 
r e s p i r a t i o n  rose  i n  the l iver ' ,  spleen,  muscles and b r a i n ,  while oxygen consump- 
t i o n  by t h e  i n t e s t i n a l  Tall and kidneys decreased. 

Measurement of t he  rate of oxygen consumption by t h e  "oxygen cathode" 
method i n  rabbits exposed t o  whole-body i r r a d i a t i o n  with a dose of 1000-1200 r 
(Snezhko, 1960) showed t h a t  it decreased sharply during t h e  f i r s t  2-3 hours.  
f a c t  , i n  some cases  t h e  process began t o  develop w i t h i n  3 or 10 min. After 

I n  

k i t e d  from I. I. Ivanov e t  al., 1956. 
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24-48 hours the l e v e l  of oxygen consumption s t i l l  remained below normal. It 
then  f e l l ,  and on t h e  fo l lowing  days t h e  changes were wavelike. 

I n  our i n v e s t i g a t i o n s ,  as mentioned before ,  we a l s o  observed a sharp /156 
decrease i n  oxygen consumption i n  rats, wi th in  minutes a f t e r  they were irradi- 
ated w i t h  a dose of 600 r .  

It i s  an e s t a b l i s h e d  f a c t  t h a t  oxygen tens ion  and oxygen consumption by 
t i s s u e s  i n  a l i v i n g  organism may r e f l e c t  both t h e  blood supply condi t ions  of 
t hese  t i s s u e s  and the l e v e l  of t h e i r  metabolic processes.  Most of the i n v e s t i -  
ga to r s  of gas exchange mentioned i n  t h i s  study, as w e l l  as those who i n v e s t i -  
gated metabolism i n  r a d i a t i o n  s ickness ,  do not r u l e  out  t he  p o s s i b i l i t y  of a 
secondary decrease i n  a c t i v i t y  of t h e  r e s p i r a t o r y  processes,  bu t  they be l i eve  
t h a t  t h e  enzymatic systems of t i s s u e  r e s p i r a t i o n  a re  not  s e r i o u s l y  in ju red  at 
the time of i r r a d i a t i o n  (Ivanov e t  a l . ,  1956; Cherkasova e t  a l . ,  1962). 

However, some a t tempts  have been m a d e  t o  l i n k  t h e  primary r a d i a t i o n  l e s ions  
t o  t h e  i n j u r y  i n f l i c t e d  on the r e s p i r a t o r y  system of t i s s u e s  by ion iz ing  r a d i a -  
t i on .  For example, Noyes and Smith (1959) showed t h a t  t he re  i s  a sharp decrease 
i n  t he  number of mitochondria i n  the  l i v e r  of rats 1-1/2 hours after i r r a d i a t i o n  
wi th  a dose of 1000 r .  Having i n  mind t h e  views of those who state t h a t  t he  
volume of oxygen consumed i s  a func t ion  of the number of mritochondria. A. D. 
Snezhko conjectured that the increase  i n  oxygen t ens ion  i n  t he  b r a i n ,  that  
occurs wi th in  t h e  f i r s t  few hours of d i r e c t  i r r a d i a t i o n  of b r a i n  t i s s u e ,  resu l t s  
from depression of t i s s u e  r e s p i r a t i o n  due t o  a decrease i n  t h e  number of mito- 
chondria. This i s  a p o s s i b i l i t y  tha t  cannot,  of course, be denied. It i s  worth 
mentioning here tha t  I .  Belokonskiy and G .  Rusev (1959) showed t h a t  changes i n  
dehydrogenase a c t i v i t y  and oxygen consumption i n  t i s s u e s  set  i n  during irradia- 
t i o n ,  and t h a t  they  have a phasic q u a l i t y ,  depending on t h e  s i z e  of t h e  dose. 

H i s to log ica l  i nves t iga t ions  also show t h a t  even W-100 r doses may wi th in  
2 hours induce changes i n  nerve c e l l s  c h a r a c t e r i s t i c  of hypoxia. These changes 
occur earlier than do those  i n  t h e  vascular  system, and they  vary  i n  d i f f e r e n t  
formations of t h e  b r a i n  and co r t ex  (Aleksandrovskaya, 1958). 

However, a l l  t hese  i n v e s t i g a t o r s ,  wi th  the exception of Belokonskiy and  
Rusev, r e f e r  t o  changes t h a t  take p lace  i n  t h e  l i v i n g  organism wi th in  t h e  f i r s t  
f e w  hours of i r r a d i a t i o n .  It i s  q u i t e  l i k e l y ,  t he re fo re ,  t h a t  t h e  primary 
changes i n  oxygen consumption and t ens ion  observed i n  b r a i n  t i s s u e  the f i r s t  
minutes a f t e r  i r r a d i a t i o n  may have another o r i g i n ,  s p e c i f i c a l l y ,  i n  hemodynamic 
changes. 

It i s  now gene ra l ly  known t h a t  l o c a l  and whole-body i r r a d i a t i o n  & 
lowers pe r iphe ra l  ar ter ia l  p re s su re ,  very  sharp ly  and quick ly  if l e t h a l  doses 
are used (Montgomery and Warren, 1951; Snezhko, 1960).  But immediately d t e r  
i r r a d i a t i o n  blood pressure  may r i s e  temporar i ly  (13-30 min) and then  f a l l  
sharp ly  and p e r s i s t e n t l y  t o  50 percent of t h e  con t ro lva lues  (Frank, 1955; 
Nefedov, 1960; Luk'yanova, 1963). The change i n  arterial  pressure  i n  t h e  
per iphery reduces t h e  f i l l i n g  of t h e  ves se l s  of the sk in  w i t h  blood and cannot 
help  bu t  a f f e c t  t h e  v i s c e r a .  For example, V. K. Modestov (1941) notes t h a t  i n  
t h e  meantime blood flows t o  t h e m .  The hyperemia t h a t  t akes  p lace  i n  the 



. r iseera ,  aga ins t  a background of low blood pressure ,  may induce congest ion,  
r e s u l t i n g  i n  asphyxia and complete impairment of t he  metabolic processes .  The 
mass of c i r c u l a t i n g  blood decreases ,  and t h i s  i nev i t ab ly  a f f e c t s  t he  blood 
supply of the b r a i n .  
blood flow diminishes during the  f e w  hours after i r r a d i a t i o n .  

R .  M .  Lyubimova (1958) found t h a t  t he  rate of the c e r e b r a l  

It  follows tha t  t he  increase  i n  oxygen tens ion  and decrease i n  rate of oxy- 
gen consumption by b r a i n  t i s s u e s ,  which w e  observed immediately after irradia- 
t i o n ,  may be due t o  a b r i e f  increase  i n  blood supply tak ing  p lace  at the same 
t i m e .  T h i s ,  i n  t u r n ,  showsu t i l i za t ion  of t he  a d d i t i o n a l  amounts of oxygen 
a r r i v i n g  with the  "oxygen sample" and, consequently,  increases  AIcr  ( f i g s .  1 and 

4 ) .  Later, desp i t e  t h e  lowerrng of blood pressure  t h a t  is  now apparent and t h e  
decrease i n  oxygen tens ion  i n  both plasma and whole blood (Snezhko and Vysochina, 
1958), oxygen tens ion  i n  t h e  b r a i n  t i s s u e s  and t h e  value of AIc r ,  al though less 

than during the  f i r s t  few minutes, never the less  are s t i l l  abnormally h igh .  

This phenomenon cannot be ascr ibed  s o l e l y  t o  t h e  a l t e r e d  blood supply con- 
d l t i o n s .  W e  are led t o  assum? t h a t  the metabolic processes  i n  t h e  cerebral cor -  
t e x  change at t h i s  stage. Thus, d e s p i t e  t he  developing hemodynamic d is turbances  
t h a t  r e s u l t  i n  d e t e r i o r a t i o n  of the blood supply,  t he  b r a i n  t i s s u e s  have f r e e  
oxygen during the f i r s t  hours after i r r a d i a t i o n ,  even though i t s  consumption i s  
a c t u a l l y  impaired. This  i s  q u i t e  apparent even on the day a f t e r  i r r a d i a t i o n  and 
it p e r s i s t s  f o r  s eve ra l  days,  after which t h e  amount of f r e e  oxygen i n  t h e  b r a i n  
t i s s u e s  begins t o  decrease ( f i g .  3C), w h i l e  t h e  rate of consumption s t e a d i l y  
rises ( f i g s .  6A arld C) . According t o  L.  S . Cherkasova e t  a l . ,  t he  i n t e r l i n k i n g  
of r eac t ions  i n  t h e  chain of b i o l o g i c a l  ox ida t ion  i s  broken some time a f t e r  i r -  
r a d i a t i o n ,  r e s u l t i n g  i n  impairment of t i s s u e  r e s p i r a t i o n  and change i n  oxygen 
consumption. /l% 

A .  Vatsek (1962) mentioned t h e  ref l e x  na ture  of t he  change i n  oxygen con- 
sumption of rats after exposure t o  i r r a d i a t i o n .  

It is  now w e l l  understood t h a t  r a d i a t i o n  l e s ions  d r a s t i c a l l y  alter the  
func t iona l  state and e x c i t a b L l i t y  of t h e  nerve cen te r s  (Livanov, 1962). 
a f e w  minutes of i r r a d i a t i o n ,  t he  c e r e b r a l  co r t ex  and cen te r s  of t h e  mesencepha- 
lon  and medulla oblongata become exc i t ed  as a r e s u l t  of an extremely sharp i n -  
c rease  i n  r e a c t i v i t y  of t h e  receptors  and ensuing i n t e n s i f i c a t i o n  of t h e  flow of 
a f f e r e n t  s i g n a l s  from t h e  pe-iphery (1st pe r iod ) .  
co r t ex  b r ings  about a state of p ro tec t ive  i n h i b i t i o n  charac te r ized  by a sharp 
decrease i n  the b i o p o t e n t i a l s ,  loss of conditioned r e f l e x e s  and phasic states 
(2nd per iod)  . 
t o  grow and progress ive ly  i n t e n s i f y ,  even when a per iod  of r e l a t i v e  normaliza- 
t i o n  develops i n  the  co r t ex  znd it becomes disinhibited (3rd per iod) .  Exci ta-  
t i o n  i n  t h e  subcortex reaches a peak i n  t h e  te rmina l  stage and is  r e f l e c t e d  i n  
ep i lep t i form discharges.  This state g ives  way t o  a deep d isorganiza t ion  of sub-  
c o r t i c a l  a c t i v i t y  and pa ra lys i s ,  followed by a state of  parabios is ,  which a l s o  
involves t h e  co r t ex  and u l t ima te ly  d i s r u p t s  i t s  c o r r e l a t i o n  and compensatory 
mechanism-, ( 4 t h  pe r iod ) .  

Within 

Subsequent a c t i v a t i o n  of t h e  

Meanwhile , t h e  e x c i t a b i l i t y  of the subcor t i ca l  cen te r s  cont inues 



Analysis of the dynamics of oxygen consumption by  b r a i n  t i s s u e  i n  irradi- 
a t e d  animals, as s tud ied  i n  t h i s  i n v e s t i g a t i o n ,  r e v e a l s  tha t  the re  i s  a d e f i n i t e  
p a r a l l e l i s m  between t h e  f u n c t i o n a l  state of the nerve c e n t e r s  and the  oxida t ive  
processes i n  t h e  b r a i n .  For one t h i n g ,  t h e i r  l e v e l  v a r i e s  i n  d i f f e r e n t  p a r t s  of 
the b r a i n .  For example, oxygen consumption i s  very low i n  t h e  co r t ex  for 
seve ra l  days after i r r a d i a t i o n  ( f i g s .  6A and B ) - - t h i s  appears t o  coincide with 
the  2nd per iod of Livanov. La te r ,  t he re  i s  r e l a t i v e  but q u i t e  uns tab le  normal- 
i z a t i o n  of t h e  rate of oxygen consumption (3rd per iod)  . 
progress ive ly  inc reases  a t  t h i s  time i n  t h e  motor co r t ex  without any h i n t  of 
normalization. 

Oxygen consumption 

Thus, we see a t  these  s t ages  a d i s t i n c t  analogy and an obvious r e l a t i o n s h i p  
between the  change i n  f u n c t i o n a l  condition of the nerve c e n t e r s  and t h e  in t en -  
s i t y  of t i s s u e  r e s p i r a t i o n .  And it i s  only i n  the  te rmina l  s t age  t h a t  t h e r e  i s  
a sharp decrease i n  AIcr  i n  t h e  sensorimotor co r t ex  and subcortex with conse- 

quent increase  increase  i n  oxygen consumption t h e r e i n .  

We f a i l e d  t o  observe any inc rease  i n  oxygen consumption i n  t h e  c o r t i c a l  re- 
/159 gions immediately a f t e r  i r r a d i a t i o n  t h a t  might correspond t o  Livanov's 1st 

per iod .  

A comparison of t h e  d a t a  on i r r a d i a t i o n  wi th  the r e s u l t s  of t h e  combined 
a c t i o n  of v i b r a t i o n  and i r r a d i a t i o n  reveals t h a t  t h e  combined a c t i o n  has a very 
s p e c i f i c  e f f e c t  on gas exchange i n  t h e  b r a i n .  In s t ead  of t h e  expected summation 
( inc rease  i n  oxygen t e n s i o n  and decrease i n  rate of oxygen consumption d t e r  
v i b r a t i o n  + increase  i n  oxygen t ens ion  and decrease i n  rate of consumption 
after i r r a d i a t i o n ) ,  bo th  values continued t o  change during t h e  f i r s t  30-60 min 
a f t e r  i r r a d i a t i o n  i n  almost t h e  same way as after v i b r a t i o n  alone ( f i g s .  1 and 
4 ) .  
and a f e w  hours later even exceeded the va lues  obtained f o r  t h e  i r r a d i a t e d  
animals. 

However, sane t i m e  afterward t h e  l e v e l  of oxygen consumption began t o  r ise 

The changes i n  oxygen t ens ion  w e r e  less c l e a r - c u t ,  bu t  they a l s o  showed no 
s ign  of summation. This implies t h a t  t h e  phenomenon of p r o t e c t i v e  i n h i b i t i o n ,  
t h a t  arose a f t e r  v i b r a t i o n  and c rea t ed  a phase of i n h i b i t i o n  i n  t h e  b r a i n  r e s p i -  
r a t o r y  processes,  prevented the development of all f a c t o r s  respons ib le  for 
changing these  processes i n  t h e  i r r a d i a t e d  animals, d e s p i t e  t h e  increase  of free 
oxygen i n  t h e  b r a i n  t i s s u e s  at  t h i s  time and t h e  poss ib le  mani fes ta t ion  of t h e  
oxygen e f f e c t  as a r e s u l t .  

The p i c t u r e  t h a t  developed under t h e  inf luence  of v i b r a t i o n  on t h e  day 
after i r r a d i a t i o n  i n d i c a t e s  t h a t  t h e r e  was some weakening of t h e  f u n c t i o n a l  ac- 
t i v i t y  of t h e  nerve c e n t e r s ,  because t h e  i n h i b i t i o n  phase s e t  i n  sooner i n  a l l  
b r a i n  reg ions  under s tudy  than  it did i n  t h e  noni r rad ia ted  animals. 

This p lus  the f a c t  t h a t  oxygen consumption w a s  much lower the f irst  f e w  
days after i r r a d i a t i o n  i n  the animals subjec ted  t o  t h e  combined a c t i o n  than  i n  the  
o ther  animals i n d i c a t e s  t ha t  the f u n c t i o n a l  a c t i v i t y  of t h e  nerve c e n t e r s  w a s  
considerably weaker. 
w a s  not t h e  case with the i r r a d i a t e d  animals. Apparently, t h e  combination of 

Even t h e  motor subcortex w a s  i n h i b i t e d  at t h i s  time, which 



two such powerful s t i m u l i  as v i b r a t i o n  and i r r a d i a t i o n  immediately weakened a l l  
higher d i v i s i o n s  of t h e  b r a i n  t o  such an e x t e n t  t h a t  p r o t e c t i v e  i n h i b i t i o n  devel- 
oped. This w a s  very l i k e l y  t h e  dec i s ive  f a c t o r  i n  t h e  subsequent development of 
t h e  process .  It may have blocked o r  a t  least slowed the appearance of the p r i -  
mary r eac t ions  which have a major in f luence  on the  outcome of r a d i a t i o n  s i c k -  
n e s s .  For 12-13 days after the combined a c t i o n ,  the state of t h e  nerve c e n t e r s  
i n  these a n i m a l s ,  as pointed ou t  be fo re ,  w a s  h igh ly  uns t ab le ,  w i t h  p e r i -  
odic normalizat ion and repea ted  development of pa tho log ica l  states, which w e r e  
sometimes even more pronounced than  i n  t h e  irradiated animals. 
time, when the latter en tered  t h e  te rmina l  s t a t e ,  cha rac t e r i zed  by  a sharp i n -  

, c rease  i n  e x c i t a b i l i t y  of a l l  c e n t e r s  and r e s u l t a n t  sharp rise i n  oxygen con- 
sumption, t h e  animals subjec ted  t o  t h e  combined a c t i o n  developed heightened 
e x c i t a b i l i t y  of the co r t ex  and subcortex,  accompanied by an equa l ly  sharp  de- 
c rease  i n  oxygen consumption by t h e  t i s s u e s .  

However, at t h i s  

Thus, on t h e  basis of t h e  data presented  i n  t h i s  r e p o r t ,  w e  can unhes i t a t -  
i ng ly  say  t h a t  the o r i g i n a l  state of t h e  nervous system i s  a dec i s ive  f a c t o r  i n  
the  subsequent development of r a d i a t i o n  i n  jury.  

Cone l u s  ions 

1. I r r a d i a t i o n  of animals wi th  a l e t h a l  dose (600 r)  alters t h e  condi t ions  
of metabolism i n  the  h igher  d i v i s i o n s  of t h e  b r a i n ,  r e s u l t i n g  i n  suppression of 
oxygen consumption by t h e  sensorimotor and aud i to ry  reg ions  of the  co r t ex  and 
motor subcortex during the f i rs t  f e w  hours after exposure. 

2. Analysis of t h e  dynamics of oxygen consumption by  b r a i n  t i s s u e  i n  i r-  
radiated animals as r a d i a t i o n  s ickness  develops revea led  a marked p a r a l l e l i s m  
between t h e  f u n c t i o n a l  state of t h e  nerve c e n t e r s  and the  oxida t ive  processes  
i n  t h e  b r a i n .  

3. The changes i n  ox ida t ive  processes i n  the animals subjec ted  t o  the com- 
bined a c t i o n  of v i b r a t i o n  followed by i r r a d i a t i o n  develop d i f f e r e n t l y  from t h e  
way they  do under the  inf luence  of i r r a d i a t i o n  a lone .  

4. 
v ib ra t ion  and i r r a d i a t i o n  i s  much h igher  t han  i n  the animals exposed t o  irradia- 
t i o n  a lone .  

The s u r v i v a l  rate among animals subjec ted  t o  t h e  combined a c t i o n  of 



THE EFFECT OF GENERAL VEKL'ICAL VIBRATION AND X-RAYS ON THE 
NUCLEI OF BONE MARROW CELLS I N  MAMMALS 

Yu. S. Demin 

ABSTRACT 

The paper p re sen t s  t h e  r e s u l t s  of t h e  inves t iga t ions  of 
t h e  e f f e c t  of v i b r a t i o n  (60-70 c p s ) ,  of t h e  i r r a d i a t i o n  wi th  
doses of 50-100 r of X-rays and of t h e  combined e f f e c t  of 
v ib ra t ion  and i r r a d i a t i o n  on t h e  c e l l s  of marrow of mice. 
Vibration o f  animals causes an inc rease  of d i s turbed  mi tos i s  
due t o  a higher r a t e  of chromosome cohesion. Vibrat ion 
preceding i r r a d i a t i o n  does not  increase  t h e  r a t e .  Some de- 
c rease  of rate of chromosome aberrati .ons and i nc rease  of 
rate of chromosome cohesion w a s  found when t h e  combined e f -  
f e c t  of both f a c t o r s  w a s  s tudied.  The rate of d i s turbed  
mi tos i s  i n  the  marrow c e l l s  of mice analyzed was higher than 
'chat i n  con t ro l  f o r  as long as t e n  days. 

One of t h e  important t a s k s  of space biology i s  t o  study t h e  e f f e c t  
of space f l igh t  f a c t o r s  on the  l i v i n g  organism. These f a c t o r s  include 
ion iz ing  r ad ia t ion ,  weightlessness,  acce le ra t ion  and v ib ra t ion .  They can af- 
f e c t  the organism i n  various combinations and sequences. The poss ib l e  cyto- 
l o g i c a l  e f f e c t  of t hese  f a c t o r s  i s  e s p e c i a l l y  noteworthy. 

/161 

Numerous d a t a  a re  now a v a i l a b l e  on the  phys io logica l  and mutagenic ef- 
f e c t  of i on iz ing  r a d i a t i o n  (Yegorov, Bochkarev, 1935; Alexander, 1959; 
Dubinin, 1962). It has been shown t h a t  various kinds of r a d i a t i o n  (a-, &, 
y- and X-rays, neutrons and pro tons)  damage the  plasmatic and nuc lear  s t r u c -  
t u r e s  o f t h e c e l l .  Mi to t i c  a c t i v i t y  changes (Knowlton, Widner, 1950; Yegorov, 
Bochkarev, 1955; Karpfel ,  1961), and var ious  m i t o t i c  d i s turbances  appear: 
formation of d i c e n t r i c  and a c e n t r i c  fragments, cohesion of chromosomes, e t c .  
(Devik, 1954; Devik and Loothe, 1955; La Cour and Rutishauser, 1954; I. M. 
Shapiro, Faleyeva, 1962; Dubinin and Dubinina, 1963). 

A s  a r u l e ,  damage t o  the  nucleus l eads  t o  d i s r u p t i o n  of t h e  gene balance 
i n  the c e l l .  The e f f e c t  of dynamic f l i g h t  f a c t o r s  on t h e  c e l l  has been 
s tudied  t o  a lesser degree. However, t h e  p o s s i b i l i t y  i s  not excluded t h a t  
t hese  f a c t o r s  can inf luence  t h e  c e l l  nucleus, or s u b s t a n t i a l l y  a l t e r  t h e  ef-  
f e c t  of r a d i a t i o n  during combined ac t ion .  

Many authors  (Sisakyan e t  a l . ,  1962; Gyurdzhian, 1962) emphasize t h a t  t he  
combined e f f e c t  of space f l i g h t  f a c t o r s  ( r a d i a t i o n  and dynamic f a c t o r s )  on 
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hered i ty  may d i f f e r  from t h e  e f f e c t  of r a d i a t i o n  alone.  
d a t a  favoring t h i s  assumption. 
spores during and af ter  i r r a d i a t i o n .  
f e c t  w a s  i n t e n s i f l e d ;  i n  t h e  second, t he  e f f e c t  remained una l te red .  Wolff and 
B o r s t e l l  (1954) observed t h a t  c e n t r i f u g a t i o n  of Tradescant ia  microspores and 
Vicia r a d i c e l s  before i r r a d i a t i o n  reduced t h e  e f f e c t  of i r r a d i a t i o n  by approxi- 
mately one h a l f ,  whereas c e n t r i f u g a t i o n  during and a f t e r  i r r a d l a t i o n  increased  
t h e  e f f e c t  of i r r a d i a t i o n  and t h e  number of chromosomal abe r ra t ions .  Conger 
(1948) exposed Tradescant ia  microspores t o  sound v i b r a t i o n  wi th  a frequency of 
?,lo0 cps i n  w a t e r .  Ekposure t o  sound began s imultaneously wi th  X - i r r a d i a t i o n  
and continued 5 min af ter  i r r a d i a t i o n  had ceased. The combined a c t i o n  of acous- 
t i c  v ib ra t ion  and X-rays increased t h e  number of abe r ra t ions  by approximately 
25 percen t .  Exposure t o  sound a lone  produced no e f f e c t .  Conger be l i eves  t h a t  
such agents as c e n t r i f u g a t i o n  and exposure t o  sound inf luence  t h e  mobi l i ty  o f  
t h e  chromosomes. They a c c e l e r a t e  t h e  sepa ra t ion  of t h e  broken ends, thus  
diminishing t h e  chances of t h e i r  reunion. 

There a r e  experimental 
Sax (1943) cent r i fuged  Tradescant ia  micro- /162 

I n  t h e  f i rs t  case t h e  i r r a d i a t i o n  ef- 

Basic r e s u l t s  on t h e  e f f e c t s  of space f l i g h t  f a c t o r s  w e r e  first obtained 
i n  t he  Sov ie t  Union by t h e  e p e r i m e n t s  of t h e  spacec ra f t  s a t e l l i t e ,  and sub- 
sequent ly  determined t h e  design of a series of model gene t i c  experiments. 

B. N. Sidorov and N. N. 3okolov (1961) analyzed the  frequency of  chromo- 
some rearrangements i n  t h e  onion (Allium f i s tu losum)  and i n  f enne l  (N ige l l a  
damascena) sp rou t s ,  the seeds of which had been on t h e  spacec ra f t  sa te l l i te .  
N o  d i f f e rence  w a s  found between t h e  experimental p l a n t s  and t h e  c o n t r o l s .  A 
comparison of the germination rate, however, showed the  s t imu la t ing  e f f e c t  of 
space f l i g h t .  Since it i s  d i f f i c u l t  t o  exp la in  t h i s  s t imu la t ion  by t h e  a c t i o n  
of cosmic r a d i a t i o n ,  t h e  au thors  assume t h a t  it may have been induced by 
dynamic f a c t o r s ,  p a r t i c u l a r l y  by v i b r a t i o n .  

Y a .  L. Glembotskiy e t  a l .  (1961) examined actinomycetes and seeds of high- 
e r  p l a n t s  a f t e r  space f l i g h t .  The v i a b i l i t y  of t h e  r a d i a t i o n - r e s i s t a n t  s t r a i n  
of actinomycetes had increased  6 times after the  f l i g h t ;  i n  t he  r ad ia t ion -  
s e n s L t i v e  s tock  it had decreased t o  1/12th. 
ments w a s  g r e a t e r  i n  the  sp rou t s  of a l l  t h e  var ie t ies  of seeds examined than 
i n  the  con t ro l s .  A s i g n i f i c m t  d i f f e r e n c e  from t h e  con t ro l s ,  however, was 
observed only  i n  t h e  Spartacus pea and i n  corn. 

The pe rcen t  of chromosome arrange- 

E .  A .  Abeleva, G . P . Parfenov and Y u .  A .  Lapkin ( 1962) found a s i g n i f  i- 
c a n t  increase  i n  t h e  frequency of crossovers i n  Drosophila m a l e s  a f t e r  t h e  
space f l i g h t .  They e s t ab l i shed  i n  ground-level  experiments t h a t  the c ross ing-  
over  i n  t h e  sex c e l l s  of Drosophila m a l e s  can be induced by low-qual i ty  vi-  
b ra t ions .  

X chromosomes i n  Drosophila females after space f l i g h t .  The e f f e c t  w a s  long- 
l a s t f n g  and d i f f e r e d  from t h e  comparatively b r i e f  a f t e r e f f e c t s  which followed X- 
ray i r r a d i a t i o n .  According 50 t h e  au thors ,  t h e  reason f o r  t h e  inc rease  i n  t h e  
number of nonbreakage, which a f f e c t s  t h e  mechanism of c e l l  d i v i s i o n ,  i s  caused 
by weight lessness  dur ing  f l i g h t ,  t he  v i b r a t i o n  of t h e  spacec ra f t ,  or a more- 
complex combination of f a c t o r s .  

N. P. Dubinin e t  a l .  (1562) noted t h e  phenomenon of primary nonbreakage of 
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G .  P. Parfenov (1961) found an increase  i n  dominant l e t h a l s  i n  t h e  sper- 
m a t i d s  of Drosophila males returned from space f l i g h t .  One of t h e  poss ib l e  
f a c t o r s  increas ing  l e t h a l s  could be v ib ra t ion .  

Y a .  L. Glembotskiy, E .  A .  Abeleva e t  a l .  (1962) have shown t h a t  space 
f l i g h t  i nc reases  t h e  frequency of sex-linked recess ive  l e t h a l s  i n  Drosophila 
with s t a t i s t i c a l  s ign i f icance .  Cytological examinations demonstrated t h e  
po in t  cha rac t e r  of induced mutations. Po in t  mutations and the frequency of 
mutating ac t ion  i n  t h e  spermatids, as compared t o  t h e  mutation frequency i n  t h e  
spermatozoa, suggest cosmic r a d i a t i o n  as a p o s s i b l e  cause. 

A d e t a i l e d  cy to log ica l  ana lys i s  was made i n  mammals f o r  t h e  f i rs t  
t i m e  by M. A. Arsenfyeva, V. V..'Antipov e t  a l .  (1961). These authors s tud ied  
t h e  chromosomal d is turbances  i n  the  bone marrow of mice. They noted an i n -  
creased frequency of d i s turbed  mitoses, which s i g n i f f c a n t l y  exceeded t h a t  of 
the con t ro l  cases, even on the  60th day after f l i g h t .  
mitoses d i f f e r e d  from t h e  one obtained a f t e r  X-ray i r r a d i a t i o n :  most of t he  
damage appeared i n  the  form of br idges  without  loose  fragments, which suggest- 
ed a state of chromosome coherence ins tead  of rupture .  Since t h e  t o t a l  dose of 
r a d i a t i o n  r e g i s t e r e d  during t h e  f l i g h t  of t h e  spacec ra f t  sa te l l i te  w a s  i n s ig -  
n i f i c a n t ,  t h e  authors presumed t h a t  t he  bone marrow dis turbances  could have 
been caused by o t h e r  f a c t o r s ,  f o r  example, by v ib ra t ion  and acce le ra t ion .  

The p a t t e r n  of d i s turbed  

Thus, a number of authors a t t r i b u t e  t h e  abnormal i t ies  observed i n  t h e  
cytogenic experiments of t h e  spacec ra f t  sa te l l i t e  t o  v ib ra t ion .  Model exper i -  
ments were performed on t h e  ground t o  determine t h e  a c t u a l  role of v ib ra t ion  
i n  t h e  phenomenon observed. 

E. A. Abeleva, G .  P.  Parfenov and Yu. A. Lapkin (1962) induced a crossing- 
over i n  Drosophila males by means of low-frequency v ib ra t ions .  G .  P. Parfenov 

l e t h a l s  i n  Drosophila males. 
I (1%1), i n  experiments of v ib ra t ion  e f f e c t s ,  obtained an inc rease  of dominant 

I n  analyzing the  Drosophila ma te r i a l  returned from space f l i g h t  and the  
model v ib ra t ion  experiments, Y a .  L. Glembotskiy and G. P. Parfenov (1962) ar- 
rived a t  the conclusion t h a t  t he  mutations produced by chromosome rear ran-  f164 
gement, i . e . ,  t h e  dominant l e t h a l s ,  may be l a r g e l y  due t o  t h e  v-ibration of 
the rocket.  It i s  poss ib l e  t h a t  t h i s  f a c t o r  cont r ibu ted  a l s o  t o  a c e r t a i n  ex- 
t e n t  t o  t h e  induction of recess ive  l e t h a l s ;  f o r  a number of reasons,  however, 
induction by cosmic r a d i a t i o n  i s  more probable. 

I n  t h e  e x p e r b e n t  of M. A. Arsen'yeva, V.  V. Antipov e t  al. (1961) the  v i -  
b ra t ion  of mice a t  a frequency of 70 cps r e su l t ed  i n  t h e  inc rease  of d i s turbed  
mitoses  i n  t h e  bone marrow. The p a t t e r n  of t h e  d is turbances  w a s  s p e c i f i c :  
approximately two-thirds of t h e  d is turbed  mltoses showed chromosome coherence, 
only one-third rearrangement. A t  t he  end of t h e  first day af ter  v ib ra t ion ,  t h e  
animals (excluding con t ro l s )  presented 21 percent  d i s turbed  mitoses. An in -  
creased frequency of d i s turbances  w a s  observed u n t i l  t h e  30th day af ter  t h e  
s ta r t  of t he  experiment. 

! Although our d a t a  on t h e  poss ib l e  inf luence  of low-frequency v i b r a t i o n  on 
h e r e d i t y  a r e  preliminary,  it seems t o  us  t h a t  they  provide s u f f i c i e n t  reasons 
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f o r  a more de t a i l ed  s tudy of t h i s  problem. The ob jec t  of t h i s  s tudy w a s  a 
de ta i l ed  cy to logica l  examination of the  bone marrow c e l l s  of mice a t  var ious 
moments following the  v ib ra to ry  ac t ion ,  and t h e  ana lys i s  of the  combined 
ac t ions  of v ib ra t ion  and r ad ia t ion .  

Material and Method 

White stockbred m a l e  mize weighing 18-20 g w e r e  used. The animals were 
exposed t o  X- i r r ad ia t ion  w i t ' h  doses of 50 and 100 r. 

Vibratory ac t ion  w a s  administered a t  frequencies  of  60 and 70 cps on t h e  
v ib ra to r  A-20  of t h e  Acoustic I n s t i t u t e  system, USSR Academy of  Sciences.  
Each mouse w a s  placed i n  a separate c e l l  of the  metal c a s s e t t e .  The v ibra-  
tiorz w a s  v e r t i c a l .  

b 

.a 

r* d 11 
.- 

e 

Figure 1. 

f 

Microphotograph of mitoses i n  mouse bone m a r -  
row c e l l s ,  magnif icat ion X l 3 5 O .  a--normal anaphase; b-- 
anaphase wi th  frappents ;  c--chromatid br idge and fragments; 
d--chromosomal bridge; e and f--chromosome coherence. 
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The mice w e r e  i r r a d i a t e d  before  and after v ib ra t ion ,  t h e  i n t e r v a l  between 
i r r a d i a t i o n  and v ib ra t ion  being 3-5 min. 

The animals w e r e  s a c r i f i c e d  by decapi ta t ion .  F ixa t ion  of  t h e  th igh  and 
sh in  bones w a s  done i n  ace ta lcohol  a t  about O°C temperature.  

The s t a i n i n g  f o r  microscopic examination w a s  done by the  Feulgen method or 
by acetocarmine. 

I n  t h e  t o t a l  p repara t ions  ( f ig .  1) dis turbed  mitoses w e r e  counted i n  the  
Moreover, t h e  m i t o t i c  a c t i v i t y  (mi to t ic  index) anaphase and early te lophase.  

of t h e  bone marrow c e l l s  w a s  determined i n  a series of animals. The con t ro l  
animals w e r e  s a c r i f i c e d  a t  t h e  same t i m e .  

Resul t s  and Discussion 

Ef fec t  of  v ib ra t ion  ( a t  60 cps)  and i r r a d i a t i o n  wi th  a dose o f  100 r - /165 

The ob jec t  of t hese  experiments w a s  t o  analyze the  frequency of  d i s turbed  
mitoses i n  the  bone marrow of  mice a f t e r  combined a c t i o n  of v ib ra t ion  and ir- 
rad ia t ion ,  and after each of  t h e s e  f a c t o r s  separa te ly .  Examination of t h e  
mitoses w a s  made af ter  b r i e f  or long t i m e  per iods  following i r r a d i a t i o n ,  t he  
animals be ing  s a c r i f i c e d  af ter  30 min, 5 hours,  1, 2, 3, 5 or LO days. The 
v ibra t ion  l a s t e d  20 min, a t  a frequency of  60 cps and 0.25 mm amplitude. 
r ad ia t ion  w a s  administered wi th  doses of 100 r. 

Ir- 

I The experimental  animals were divided i n t o  f o u r  groups: 

I Group 1, v ib ra t ion  only  (V) ;  

2, i r r a d i a t i o n  only,  100 r; 
I 

3, combined ac t ion ,  v ib ra t ion  before  i r r a d i -  
a t i o n  (V + 100 r);  

4, combined ac t ion ,  v ib ra t ion  af ter  i r r a d i -  
a t i o n  (100 r + v). 

The b io log ica l  con t ro l  animals were s a c r i f i c e d  simultaneously wi th  t h e  
experimental  animals. The same con t ro l s  w e r e  used f o r  t he  f i r s t ,  second and 
t h i r d  groups; t h e i r  i nd ices  are given i n  t a b l e  1. For t he  f o u r t h  group the re  
were separa te  cont ro ls ,  represented i n  table 2. 

Comparison of  t h e  r e s u l t s  of  t he  groups using d i f f e r e n t  con t ro l s  w a s  done 
under s t r i c t  considerat ion of  t he  con t ro l  values  ( t a b l e  3) .  

Altogether  118 mice w e r e  used i n  t h e  experiments, and over  66,000 c e l l s  
w e r e  analyzed. 



Tzble  1 gives  the cytolo,gical  ana lys i s  data of t h e  bone marrow i n  t h e  
first group ( V ) .  
t o t a l  frequency index of d i s turbed  mitoses,  i n  a l l  per iods  of  examination, as 
compared to  the  con t ro l s .  The d i f f e rence  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  
every case ( t ab le  3 ) ,  except i n  the  5-hour and 2-day per iods.  It is  charac- 
t e r i s t i c  t h a t  the  frequency increase  of d i s turbed  mitoses occurred a t  the  ex- 
pense of the  frequency of chromosome coherence. The percent  of c e l l s  present-  
ing  chromosome rearrangements exceeded the  con t ro l  rate only i n  the  30 min 
per iod ( t  = 2.4; 0.01 < D C= 0.02); i n  o t h e r  per iods no s u b s t a n t i a l  divergence 
from t h e  con t ro l s  w e r e  noted. 

These d a t a  show t h a t  v ib ra t ion  induced an increase  i n  the  

I n  the  animals of t he  second group ( i r r a d i a t i o n  with 100 r ) ,  the  num- 
ber of c e l l s  showing d is turbed  mi tos i s  w a s  sharp ly  increased ( t a b l e  1). 
t h e  e a r l y  per iods  after i r r a d i a t i o n  (30 min, 5 h, 1, 2 days) t h e  major i ty  of 
c e l l s  presented chromosome rearrangements. 

I n  

L a t e r ,  t h e  frequency index of  chromosome rearrangements decreased; never- 
t h e l e s s ,  it exceeded t h a t  of the  con t ro l s  even on t h e  10 th  day ( t  = 2.04; 
0.02 < D < 0.05). 

The maximum amount of  rearrangements w a s  observed i n  the  animals s a c r i -  
f i c e d  5 hours after exposure. 
p resent ing  chromosome rearrangements w a s  observed during the  f i r s t  two days 
( f r o m  63.80 t o  10.26 percent ) .  
chromosomes v a r i e d  l i t t l e  i n  the  l a t e r  per iods:  a t  the  s ta r t  of t h e  experiment 
it w a s  9.82 percent ,  on t h e  10th  day 11.90 percent .  

The g r e a t e s t  decrease i n  the  number of ce l l s /168  - 
The frequency index of c e l l s  showing coherent 

The f l u c t u a t i o n s  i n  intermediate  per iods  w e r e  s l i g h t  (with t h e  exception 
of  t he  "2nd day" period: here the  frequency index of chromosome cohesions 
dropped below the  con t ro l  index--to 4.37 pe rcen t ) .  

The t o t a l  percent  of c e l l s  wi th  m i t o t i c  d i s turbances  i n  t h e  second group 
s i g n i f i c a n t l y  exceeded t h a t  of  the  con t ro l s  i n  a l l  per iods analyzed. 

The t h i r d  group of mice (V i 100 r) ( table  1) and t h e  f o u r t h  (100 r f V )  
( t a b l e 2 ) w e r e  exposed t o  t h e  combined a c t i o n  of  v ib ra t ion  and i r r a d i a t i o n .  The 
r e s u l t s  obtained i n  these  groups af ter  ana lys i s  of t he  bone marrow are compared 
with the  analogous ind ices  of' t he  f i rs t  ( V )  and the  second (100 r) groups. 

Since no s i g n i f i c a n t  changes w e r e  observed i n  the  c l a s s  of chromosome re- 
arrangements after v i b r a t i o n  (group l), groups 3 and 4 w e r e  compared i n  t h i s  
index with those of group 2 only.  

The v a r i a t i o n  of the  frequency index of chromosome rearrangements i n  t h e  
t h i r d  (V + 100 r) and f o u r t h  (100 r -I- V )  groups i s  similar t o  t h a t  i n  t h e  
second (100 r) group ( f ig .  2 ) :  t h e  maximum of rearrangements i s  observed a t  t h e  
5 th  hour per iod;  t h e  sharpes t  decrease i n  t h e  frequency index of chromosome re- 
arrangements occurred during t h e  f i rs t  two days ( f r o m  54.37 to 4.14 percent  i n  
the  t h i r d  group, and from 57.13 t o  5.25 percent  i n  t h e  fou r th  group) .  
las t  per iods  the  percentage of  disarranged chromosome c e l l s  decreased even more, 
although it reamined somewhat; higher  than i n  the  con t ro l s .  

I n  the  
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TABLE 1. FREQUENCY OF DISTURBED MITOSES I N  CELL NUCLEI OF BONE MARRIW OF MICE 
I N  FIRST, SECOND AND THIRD GROUPS, 

Time of 
sacrifice 
(time 
a f t e r  

exposure 

30 min 

5 h  

I day 

2 r  

3 u  

5 r  

i n  m 

Con t r o  1 

TYPe 
O f  

act  ion 

Total  of 
rearrange- 

ment s 

3.73 f 0.51 
37.41 1.24 
18.31 rt 1.03 
2.30 f 0.47 

63.80 f 1.13 
54.37 2 1.12 

2.47 1- 0.35 
15. 19 f 0.85 
15.86 rt 0.98 
2.50 f 0.61 

10.26 f 0.97 
4 , l 4  k 0.G2 
2.98 f 0.58 
fi,M f 0.77 
3.73 f 0.57 
2.74 f 0,4!) 
4.49 f n.79 
3 . l t i  & 0.42 

3.72 * 0.K3 
?.!si & 0.62 

2.33 f 0.28 

2.33 -+ 0.50 

Rearrangements . “6 

Fragments 

1.29 f 0.30 
21.61 & 1.05 
11.51 rt 0.85 
0.51 rt 0.22 

23.57 f 0.99 
24,313 f 0.97 
0.72 -f n.20 
t i ,  58 n. 5:) 
G.Ci!J +- 0.67 
0.47 * n.26 
5.08  f 0.49  
1 .68 f 0.40 
0.” * 0.32 
2.54 f 0.47 
1.21 -1- 0.33 
0 . 7 ~  k 0.25 
1 .40 0.43 
0.72 k 0.20 

0 . 2  rt 0.17 
0 . ~ 3  k n. 1 4  
0.58 k ().?ti 

0.57 * 0. I7 

Bridges 

Without 
fragments 

2.44 3.0.42 
11 .!)2 f 0.80 
5.01 1 0 . 5 9  
1.79 3. 0.40 

19.5!J f 0.93 
16.13 & 0.83 
1.75 3. 0.30 
(i.!)X 3. 0.56 
7.79 f 0.12 
2 . 0 3  & 0.5G 
3.66 1 O.GO 
2.46 1 0 . 4 9  
2:15 0.50 
4.44 f 0.G2 
2.Y2 +. 0.48 
l . N i  1: 0.39 
;{.I)!) 3- 0 . G  
2.4t * 0.3(i 
2 . w  1: n.4ti 
3.4!J f 0. (2  
2.34 +- 0.51 

1 .e 2 (1.23 

With 
?ragmen t s 

- 
4.61 f 0.54 
1.79 f 0.51 

l0.64 0.94 
13.61 f 0.77 

1.63 k 0.28 
1.38 * 0.30 

1.52 k 0.38 

- 

- 

- 
- 
- 
- 
- 
- .  
- 
- 
- 
- 
- 

O.ZQ f 0.07 

:hromosome 
:oherenee, 

% 

8.75 3. 0.83 
9.82 -+ 0.76 

15.24 1 0.96 

8.44 3. 0.65 
13.61 f 0.77 

8 .  FJG 1 0 ,  ti(i 
12.01 10.87 
8.44 1, I O  
4.37 1 0.05 

IO. 34 1 0.95 
I 0 . l i l  1 l.O(i 
9 . w  & 0.89 
7.48 & 0.7!) 

IO.!)? & 0.87 
11.24 * 1.18 
9.13 jI 0 . 7 0  

10.8!) * 1 . 0 3  
11.90 1: 1.14 
l I . !W f 1.10 

6.87 & 0.47 

7.1G f 0.75 

13.43 -+ 0.77 

Total 6 
if mitotic 
is turb ances 

!?.!I8 f 0.99 

33.55 rt 1.35 
9.46 f 0.85 

7 2 . 2 4 5  1.115 
67 !JS f ,t.O’t 
15.!)0 f 0.83 
’3.75 * I .n1 
2 7 . 8 7 5  1.21 
10.94 f 1 . 2 3  
14.M F 1.13 
14.48f 1.14 
13.5!) -f I .  18 
1ti.(i7 -+ 1.12 
11.21 f O.!Jti 
13.W k 0 . N  
15.73 + 1.X; 
12.2!1 * 0.HU 
13.22 * 1 .  I : \  
1 5 . ( Z *  I.”” 
I % X *  1.21 

47. ?:{ +- 1 . 28 

!J.2(J f 0.52 



TABLE 2. FREQ." OF DISTURBED MITOSES I N  NUCLEI OF BONE MARROW OF MICE I 

Time of 
sacr i f ice  

( time 
a f t e r  

exposure) 

30 min . . . . . 
5h . . . . . 
1st day. . . . 
2 )) . . . . 
5 1) . . . . 
10 * . . . . 

Control . 
- 

C~ 

-- __- _. 

Rearrangements, 4 
Bridges 

fragments fragments  
Without With Fragments 

z , 9 i h 1 , 2 3  8,80&0,82 4 , 1 8 5 0 3  

5,e1fro,62 7,25f0,71 i,52&0,:6 
l,4l-J$,35 3,84&0,51i - 
o,tioJio,34 2,50&0,4!) - 
O,liJIfrO,28 2,62&0,56 I 

0,6IfO,30 O,til&O,30 0,15f0,15 

2ti,(jO*l,li 16,60&0,96 1 3 , 9 3 ~ 1 , 0 1  

_ _ _ _ _  __-.-__I- 

---- 

Total 

11 (100 r)  
and 

IV (100 r + V) 

Chr oino s oine 
coherence, 

4 

I ( V )  Group 
and 

111 ( V  + 100 r )  
and 

IV (100 r + V) 

Total quan- 
t i t y  of 

d i s tu rbed  
mitoses, % 

4!!,8"f I ,44 
til ,46* 1 ,?I; 
"0, ti8j: I , I 2  
14,00&1 ,oo 
1 2 , 5 0 ~ 1 , 0 4  
I i J 7 - y  , I2  

TABLE j. 
AMONG GROUPS OF EXPERIMENTAL ANIMALS AND CONTROLS. 

DIFFERENCE SIGNIFICANCE ( t)  I N  VARIOUS TYPES OF MITOTIC DISTURBANCES 

~ 

Time of 
sacr i f ice  

(time 
a f t e r  

expo sur e )  

30 rnin . . . . . 
S h  . . . . .  
I:;t d a y .  . . . 
2 ! I  . . . . .  
-3 1) , . . . . 
5 1) . . . . .  

10 i! . . . . .  

11 (100 r) 
and 

111 ( V  + 100 r )  
groups 

I I 



- l D O r  ----- roo r + V  
V+1uor -.--- 

Figure 2.  
i n  the c e l l s  of the  bone marrow of animals i n  t he  second 
( LOO r )  , t h i rd  ( V  + 100 r) and f o u r t h  (100 r + V)  groups.  
Abscissa--time i n  days after exposure. 

Frequency of chromosome rearrangements ( i n  percent )  

Comparison of the  r e s u l t s  i n  t h e  second (100 r)  and t h i r d  ( V  + 109 r )  
groups ( table  3) showed tha t  the frequency index of chromosome rearrangements 
w a s  lower i n  the  t h i r d  than  i n  t h e  second group (except  i n  t h e  "1st day" 
pe r iod ) .  
group at most per iods ( 3 0  min, 5 h ,  3, 5 and 10 days) than  i n  the  second. The 
decrease of d i s turbed  mitoses occurred b a s i c a l l y  at t h e  c o s t  of increased f re-  
quency of chromosome rearrangements.  

1169 
The t o t a l  percentage of d i s turbed  mitoses w a s  a l s o  lower i n  the t h i r d  

I n  table 3 the ind ices  of the second and t h i r d  groups a r e  a l s o  compared 
( c o n t r o l s  a r e  omi t ted) .  
of chromosome rearrangements occurr ing at the 5th hour and 2nd day per iods 
a f t e r  combined exposure, as compared t o  the e f f e c t  of i r r a d i a t i o n  alone.  A t  
o ther  per iods the re  w a s  no s u b s t a n t i a l  d i f f e rence  between these groups i n  the 
frequency of chromosome rearrangements. A t  the  > th  hour per iod  w e  noted a s i g -  
n i f i c a n t  decrease ( t  = 3.8; D < 0.01) of t h e  t o t a l  percentage of d i s turbed  
mitoses i n  the  f o u r t h  group; a t  o ther  per iods the  frequency indices  of d i s -  
turbed mitoses d i f f e r e a  very l i t t l e  i n  both groups. 

W e  noted a s i g n i f i c a n t  decrease i n  t h e  frequency index 

Analysis of t he  frequency ind ices  of d i s turbed  mitoses i n  the  t h i r d  ( V  + 
1.00 r )  and f o u r t h  (100 r + V )  groups ( table 3) showed t h a t  there  w e r e  more 
d.isarranged chromosome c e l l s  i n  t h e  f o u r t h  group than i n  the  t h i r d  a t  a l l  
per iods ,  except on the f i r s t  day. The d i f f e rence  w a s  s i g n i f i c a n t  a t  t h e  30 min 
per iod ( t  = 3.0;  D < O . O l ) ,  and most s i g n i f i c a n t  at the  5th hour ( t  = 2.1; 0 
0.02 < D < 0.05) and 2nd day per iods ( t  = 2.0; 0.02 < D < 0.05). 
percentage of d i s tu rbed  mitoses i n  the  30 min per iod af t h e  f o u r t h  group r e l i -  
ably exceeded t h a t  of t h e  th i rd  group ( t  = 5.8; D < 0.01). 
t he  frequency index of d i s tu rbed  mitoses i n  group 4 f l u c t u a t e d  above and below 
t'he l e v e l  of the  t h i r d  group ( t h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e ) .  

The t o t a l  

A t  o the r  per iods 

Figure 3 r ep resen t s  t he  average frequency indices  of chromosome rear range-  
ments i n  t h e  c e l l s  of t h e  second, t h i r d  and f o u r t h  groups. The percentage w a s  
computed i n  the  following manner: t h e  frequency indices  of chromosome re- 
arrangements a t  a l l  per iods  of the experiment w e r e  t o t a l e d  and the amount 
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Figure 3.  Average i'requency of chromosome rearrangements 
( i n  percent)  i n  bone marrow c e l l s  of a n i m a l s  i n  second 
( 100 r )  , t h i r d  ( V  + 190 r )  and f o u r t h  (133 r + V )  groups. 

obtained divided by the  number of per iods .  Since i n  the  f o u r t h  group no analy- 
s is  w a s  made on the  3rd day a f t e r  exposure, t h i s  per iod w a s  a l s o  neglected i n  
the  o the r  groups. The frequency index of chromosome rearrangements i n  t h e  
con t ro l s  w a s  omit ted.  

Figure 3 shows t h a t  t h e  m a x i m a l  average frequency of chromosome reaxrange- 
ments w a s  found i n  the  second group (20.2 pe rcen t ) ;  it w a s  lower i n  the  f o u r t h  
(18.4 percent)  , and lowest i n  t h e  t h i r d  group (14.2 p e r c e n t ) .  

The ana lys i s  of d i s tu rbed  mitoses included,  aside from c e l l s  w i t ' l  chromo- 
some rearrangements, c e l l s  with cohering chromosomes. A s  shown i n  table  1, the  
frequency index of chromosome Isoherenee w a s  a l t e r e d  a f t e r  v i b r a t i o n  as w e l l  as 
after i r r a d i a t i o n .  
t h e r e f o r e ,  compared wi th  both t h e  f i r s t  ( V )  and t h e  second group ( 100 r) . 

The t h i r d  I:V + 100 r)  and f o u r t h  (100 r + V)  groups are,  

Table 3 shows t h a t  t h e  frcquency index of chromosome coherence i n  t h e  
t h i r d  group s i g n i f i c a n t l y  ( D  < 0.01) exceeded t h a t  of t h e  second at t h e  f i r s t  
four  per iods .  On the  3rd,  5 t h  and 10 th  day no s i g n i f i c a n t  d i f f e rences  w e r e  
round between t h e s e  two groups. 

The frequency ind ices  of zhromosome coherence i n  t h e  f i r s t  and t h i r d  
groups w e r e  a l so  compared. A t  t he  30 min and 5 th  haur per lods  the re  w e r e  s i g -  
n i f t c a n t l y  m 3 r e  chromosome coherences i n  the  t h i r d  group than  i n  the  f i r s t ;  at 
I ther  per iods t h e r e  w a s  no s u b s t a n t i a l  d i f f e rence  between these groups. N o  
s i g n i f i c a n t  d i f f e rence  w a s  found i n  t h e  frequency index of chramosom coher-  
a c e s  between t h e  second and the  f o u r t h  groups ( table  3).  
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Figure 4 g ives  t h e  average frequency ind ices  of chromosom coherence f o r  

The maximum amount of chromosome coherences w a s  found i n  t h e  t h i r d  group 
all fou r  groups ( t h e  computation here and i n  t a b l e  4 is t h e  sane as f o r  f i g u r e  
2 ) .  
(5.1 percent )  , then i n  t h e  f i r s t  ( 3 . 0  percent)  , f o u r t h  (2.8 percent)  and secon 
( 2.2 percent )  . 
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Figure 4. Average frequency of chromosome coherence 
( i n  percent )  i n  bone marrow c e l l s  of f i r s t  ( V )  , sec-  
ond (100 r)  , t h i r d  ( V  + 100 r) and f o u r t h  (100 r + 
V) groups of animals. 

TAEEB 4. ANALYSIS OF AVERAGE RESULTS ON BONE MARROW 
I N  ANIMALS OF VARIOUS GROUPS. 

.I- 
Rearrangements, % 

Bridges F r ag men t s 
Group 

I I 

Group 1 
(V) 0.69 f 0.10 2.02 f 0.14 I I 

Group 2 
(100 r)  8.72 f 0.30 11.54 f 0.35 

Group 3 
(V + 100 r) 6.72 f 0.26 7.92 f 0.28 

Control  0.57 f 0.17 1.78 f 0.24 

Tota l  

2.72 f 0.17 

20.26 * 0.42 

14.64 f 0.36 

2.33 f 0.28 

Chromosome 
coherence,  

4 

10.03 f 0.3: 

9.15 f O.3C 

11.39 f 0.3:  

6.87 f 0.45 

Tota l  
quan - 

t i t y  of 
d i s turbed  

mitoses, 
$I 

29.41 * 0.49 

16.03 f 0.45 

9.20 f 0.52 

Table 4 r ep resen t s  the ana lys i s  of the average data i n  the f i r s t  and t h i r d  
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groups. The frequency index of chromosome rearrangements i n  the  second group 
s i g n i f i c a n t l y  exceeded the one i n  the t h i r d  (20.26 f 0.42 percent  
14.64 f 0.36 percent ;  t > 3; D < 0.01). 
c rease  i n  the  frequency indices  of bo th  fragments and bridges. The d i f f e rence  
in  t h e  frequency ind ices  of chromosome rea r r angemnt  between the  f i rs t  group 
and t h e  c o n t r o l  w a s  no t  s i g n i f i c a n t .  The frequency index of chromosome coher- 
ence i n  t h e  t h i r d  group notab ly  exceeded those of t h e  f i r s t  and second groups 
( D  < 0.01); t he  d i f f e rence  between the f i r s t  and second group w a s  no t  s i g n i f i -  
c a n t ,  but  w a s  h igher  i n  t h e  f i r s t  group than i n  the second ( t  = 1.95; 0.05 < 
I1 < 0.1). The t o t a l  percentage of d i s tu rbed  mitoses w a s  h ighes t  i n  t h e  second 

and 
I n  the t h i r d  group the re  w a s  a de- 



I group; f o r  t h i s  index t h e  d i f f e rences  among t h e  three groups w e r e  a l l  s i g n i f i -  
1 c a n t .  

I The present  ana lys i s  permits t he  assumption t h a t  combined exposure t o  ir- ' r a d i a t i o n  and v i b r a t i o n  does not  increase  t h e  e f f e c t  of r a d i a t i o n .  W e  even ob- 
served a c e r t a i n  decrease i n  t h e  frequency index of d i s tu rbed  mitoses a f t e r  
combined exposure ( v i b r a t i o n  + i r r a d i a t i o n )  . The average frequency indices  of 
chromosome rearrangements w e r e  in  t h i s  order:  I1 (100 r)  > I V  (100 + V) I11 
( V  -t 100 r ) ;  and t h e  average frequency indices  of chromosome cohesion: 
I > IV > 11. 

I11 > 

W e  must remember, however, t h a t  c e l l s  do not respond w i t h  t h e  same s e n s i -  
t i v i t y  t o  the  a c t i o n  of agents at  d ive r se  s t a g e s  of t h e  cyc le .  Amand (1956) 
has  shown i n  the neuroblas t s  of t h e  c r i c k e t ,  Sax and Swanson (1914) and N .  L .  
Delone (1958, 1963) i n  Tradescant ia ,  t h a t  t h e  prophase i s  t h e  most s e n s i t i v e  
phase t o  i r r a d i a t i o n .  
(1363) found i n  t i s s u e  c u l t u r e s  a maximal s e n s i t i v i t y  t o  i r r a d i a t i o n  a t  t h e  
prophase and syn thes i s  (S) s t a g e s .  Devik (1962) observed an a l t e r a t i o n  i n  the 
epidermal c e l l s  of mice i n  the dura t ion  of t h e  p re syn the t i c  per iod  (GI) after 

i r r a d i a t i o n .  It i s  not  excluded t h a t  var ious  exposures can d i v e r s e l y  alter the 
du ra t ion  of the  c y c l e ,  which could a f f e c t  the r e s u l t s .  W e  w i l l  ob t a in  a more 
p r e c i s e  answer concerning t h e  na ture  of t h e  combined e f f e c t  of i r r a d i a t i o n  and 
v i b r a t i o n  by ana lys i s  of the dynamics of d i s tu rbed  mitoses f o r  the dura t ion  of 
t h e  c e l l  cyc le .  

Dewey, Hamphrey ( 1962) , N . P . Dubinin and L . G . Dubinina 

E f f e c t  of v i b r a t i o n  (70 cps)  and i r r z d i a t i o n  ( w  r )  

A s  a l ready  mentioned, t h e  f a c t s  ob ta ined  are i n s u f f i c i e n t  t o  d r a w  a f i n a l  
conclusion w i t h  regard  t o  t h e  combined e f f e c t  of v i b r a t i o n  and i r r a d i a t i o n  on 
t h e  c e l l .  It i s  indispensable to compare the dynamics of c e l l  cyc le  d i s t u r b -  
ances after exposure t o  combintd a c t i o n  and i r r a d i a t i o n  alone. The r e s u l t s  of 
such an ana lys i s  are given i n  t h i s  s e c t i o n .  

Since a more pronounced e f f e c t  w a s  observed when v i b r a t i o n  preceded /172 
i r r a d i a t i o n  (V - 100 r)  than  when it followed it (100 - V ) ,  w e  s tud ied  t h e  
combined e f f e c t  i n  the former sequence ( v i b r a t i o n  -I- i r r a d i a t i o n ) .  

The 50 r dose w a s  used, s ince  t h e  100 r dose induces too many chromatic 
rearrangements, which c r e a t e s  d i f f i c u l t i e s  f o r  t h e  c l a s s i f i c a t i o n  of d i s t u r b  - 
a c e s .  

The v i b r a t i o n  w a s  v e r t i c a l ,  at, a frequency of 70 cps,  0 . 4  mm amplitude and 
20 min du ra t ion .  

The experimental animals were d iv ided  i n t o  three groups: 

group 1, v i b r a t i o n  at 70 cps ( V )  
group 2 ,  i r r a d i a t i o n  at 50 r ( w  r)  
group 3 ,  v i b r a t i o n  at 70 cps + i r r a d i a t i o n  a t  50 r ( V  + 50 r) . 



Altogether 161 animals w e  
Over w , O O O  c e l l s  w e r e  analyze 

re 
d .  

examined, of which 18 were b i o l o g i c a l  cor It ; ro l s  . 

Two s e r i e s  of mice were used f o r  t h e  ana lys i s  during the  f i r s t  day; t he  
f i r s t  group, therefore  , had i t s  own con t ro l s  (table 5 ) ,  whereas t h e  secmd and 
t h i r d  groups had common b i o l o g i c a l  con t ro l s  ( t a b l e s  6 and 7 ) .  

The animals w e r e  s a c r i f i c e d  after 30 min, 1 h ,  2 h 30 min, 3,  7, 10, 15, 
18, 24, 28, 32, 36, 42 and 48 hours after exposure. 

Tables 6 and 7 show t h e  frequency v a r i a t i o n s  of nuclear  dis turbances i n  
the bone marrow of t h e  second ( 5 0  r )  and t h i r d  ( V  -t. 50 r) groups. 

We can see t h a t  up t o  2 h 30 min more than 50 percent  of a l l  the  chromo- 
some rearrangements involved the  fragments.  After 5 t o  7 hours t h e  frequency 
indices  of t he  br idges  and fragments became about equal ,  then u n t i l  t h e  28th t o  
32nd hour the  ind ices  of t he  br idges  exceeded those of t he  Fragments. Begin- 
ing after the  32nd hour ,  the  r e l a t i o n  of t h e  br idges  and fragments evened up 
again and remained s teady  t o  t h e  end of the  ana lys i s ,  i . e . ,  u n t i l  t h e  48th hour.  
The frequency index of chromosome br idges  reached i ts  peak after LO hours (2.67 
percent i n  the second group and 2.28 percent  i n  the th i rd} .  

TABU3 3. FREQUENCY OF DISTURBANCES IN BONE MARROW CELLS OF MICE 
AFTER EXPOSURF: TO VIBRATION (70 cps) . /173 

To ta l  
Rearrangements, 6 n, - . - .  quan t i ty  

I 
Time of s a c r i f i c e  

( t i m e  a f t e r  exposure) Fragments 

I I 

Bridge 
Zhroma- I Ch rromo- i 
I I L 

Tota l  
c; nromo B o me 
coherence, d .i 

of 
sturbe? I Imito;es, 

I F i r s t  day 

3omin . . . . . . . . . . . 0,57*0,23 
i h . . , . . . . . . . . , 0,60f0,22 1 - 

17f0,12 

10 * .  . . . . . . . . . . . 0,37&0,21 
I 4  * .  , , . . ., , . . . . . . 1 0,50&0,25 

I 
I 

4 
5 

24 * . . . , . . . . . . . . ,. 
Average value . . . . 
Colitrol . . . . . . . . 0,70&0,22 

Second day 

L I ,ll.'&O,l.'8 

I 
I 48 u .  . . . . . . . . 

4 2  )! . . . * . . . . * . . . . I 0;180+;:33 



TABLE 6 .  
( W r) AND COMBINED EXPOSURE (V i- 50 r) . 

FFiEQUENCY OF DISTURBANCES I N  BONE: MARROW OF MICE AFTER I W I A T I O N  EXPOSURE 

4 $ Fragments 
Rewrangements, '% 

Bridges 
Chromatld Chromosome 

- 

k 
0 Ln 

I I 

Total q u a t  i t y  
of mitotic C h r  oaosome 

coherence, 4 k t a  distu 



TABLE 7. FREQUENCY OF DISTURBANCES I N  BONE MARROW OF MICE / 176 
AFTER IRRADIATION EXPOSURE (50  r) AND COMBINED EXPOSURE 

V 4 C  

Q, Fragments - I  s 

5: - 
2,78+ 1,45+ 
*0,56 .+.0,3C 

Second 
Rearrangements, 4 

Bridges 

C h r c  iiatid Chromosome 

To ta l  quan t i ty  

d i s  t u r b a n  
Chromosorne of mi to t i c  coherence , Tota l  

I - t : I  I I ~ I  I 

The maximal q u a n t i t y  of chromosome rearrangement w a s  found i n  t h e  second 
group ( p r )  at the 1st hour and 3th hour per iods  (30.17 and 30.99 percent ,  re- 
spect ively) ,  and i n  the  t h i r d  group ( V  + 50 r)  at t h e  1st and 7 th  hour (32.29 
and 29.31 percent ,  r e s p e c t i v e l y ) .  

The frequency index of c e l l s  showing chromosome coherence i n  i r r a d i a t e d  
a n i m a l s  (50 r) presented a s l i g h t  increase  (4.25 percent )  a f t e r  30 min; it then  
remains approximately s teady ,  not exceeding the c o n t r o l  l e v e l .  

The frequency index of chromosome coherence i n  animals exposed t o  /174 
combined ac t ion  ( V  + 50 r) remained a t  the c o n t r o l  l e v e l  during t h e  f i r s t  day; 
on t h e  second day it inc reases .  For ty-e ight  hours after exposure the  frequency 
index of c e l l s  w i t h  d i s tu rbed  mitoses ha rd ly  exceeded t h a t  of the c o n t r o l s .  

Comparison of t h e  r e s u l t s  between t h e  second and t h i r d  groups showed t h a t  
t he  frequency index of rearrangements i n  the second group, a t  the  30 min and 
24th hour pe r iods ,  s i g n i f i c a n t l y  exceeded t h a t  of t h e  t h i r d  group1 ( t a b l e  6) . 
1 I n  the s e r i e s  of animals used for t he  ana lys i s  on the  second day the  d i f f e rence  
noted w a s  not s i g n i f i c a n t .  However, t he  v a r i a t i o n  i n  both  cases  w a s  i n  t he  same 
d i r e c t i o n ,  which permits t h i s  conclusion. 
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A t  t h e  10th hour per iod ,  however-, t h e  frequency of rearrangements i n  the  t h i r d  
group most r e l i a b l y  exceeded th:& of t h e  second ( t  = 2.78; D 0.01). 

The frequency index of chr3mosome cohesion w a s  higher i n  the  t h i r d  group 
than i n  the  second at  most periDds (1, 5,  10, 1.5 and 24 hours) ;  however, a re- 
l i c b l e  d i f f e rence  ( t  7 3) w a s  observed only  at the  5 th  hour and 24th hour 
per iods .  

The t o t a l  amount of d i s turbed  mitoses w a s  h igher  i n  t h e  second group tnan 
i n  the  t h i r d  33 ?Fn a f t e r  exposure; 10 hours after exposure the  reverse  w a s  
t r u e  . 

On t h e  second day a f t e r  exposure ( t a b l e  7 ) ,  the  frequency index of r e a r -  
rangements d id  not  s u b s t a n t i a l l y  d i f f e r  i n  both  groups. 

I n  the c l a s s  of chromosome coherence the  d i f f e rences  w e r e  also i n s i g n i f i -  
c a n t ;  however, the  v a r i a t i o n s  irere u n i l a t e r a l  at a l l  t i m e s .  There were more 
<p -aaes r - or' chromosome coherence I n  the  t h i r d  group than  i n  t h e  second. 

I n  regard t o  the  frequency index of chromosome br idges  no s i g n i f i c a n t  
d i f f e rences  w e r e  found between the  two groups; however, t h e r e  w a s  a tendency 
'toward g r e a t e r  frequency i n  the  sec&d group. 

An ana lys i s  of t h e  average r e s u l t s  has  shown ( t a b l e s  6 and 7) t h a t ,  i n  
s p i t e  of t h e  d i f f e r i n g  frequenzy ind ices  at ind iv idua l  t i m e  per iods ,  t h e r e  w a s  
n o  r e l i a b l e  d i f f e rence  between t h e  second and t h i r d  groups i n  the  t o t a l  quant i -  
ties of dis turbed  mitoses (24.49 percent  i n  t h e  second group and 25.11 percent  
i n  the  t h i r d  group on the  f i r s t  day; 5.83 and 6.59 percent ,  r e spec t ive ly ,  on 
t h e  second day) .  
b r idges  a l s o  failed t o  show a s i g n i f i c a n t  d i f f e rence .  However, on t h e  f i r s t  
day the  average frequency index of chromosome b r idges  i n  the  second group w a s  
fons iderably  higher  than i n  t h e  t h i r d  group ( t  = 2.73; D < 0.01) . Also, during 
t h e  f i r s t  and second day the  average frequency index of chromosome coherence i n  
the  t h i r d  group exceeded the  index of t h e  second ( t  = 4.29; t = 2.58; D <: 0.01). 

The average frequency ind ices  of the  fragments and chromatid 

The decreased frequency index of chromosome br idges  i n  t h e  t h i r d  group 
( V  -t Ljo r )  ind ica t e s  t h a t  t he  presynthe t ic  stage had been a f f e c t e d  (Dubinin and 
Dubinina, 1963). 

Moreover, a s tudy w a s  made of t h e  mitoses i n  bone marrow of t he  animals 
a f t e r  exposure t o  a frequency of 70 cps (group 1). 
analys is  are given i n  t a b l e  5 .  The frequency index of chromosome rear range-  
ments i n  t h e  bone m a r r o w  of t h i s  group d i d  not  notably d i f f e r  from the  c o n t r o l  
at any t ime,  although t h e r e  w e r e  f l uc tua t ions  i n  both  d i r e c t i o n s  of t h e  c o n t r o l  
index l e v e l .  I n  regard  t o  the  frequency index of chromosome coherence, two 
maximums w e r e  observed a f t e r  t h e  1st and t h e  24th hour; a t  o the r  per iods ( ex -  
cept  af'ter t h e  5 th  and 20th h m r )  t h e  frequency index had a tendency t o  i n -  
c rease  after v ib ra t ion .  The increased frequency of chromosome coherence 
r e s u l t e d  in  t u r n  i n  a gene ra l  increase  of d i s turbed  mitoses at these  points.  
The occurrence of chromosom aoherences after v i b r a t i o n  exposure ind ica t e s  t h a t  
the  v i b r a t i o n  c h i e f l y  a f f e c t s  t h e  late prophase stage ( L a  C o u r ,  Rut i shauser ,  
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Al te ra t ions  induced by v i b r a t i o n  appeared more d i s t i n c t l y  when w e  compared 
the  average r e s u l t s  of the f i r s t  group w i t h  those of t h e  c o n t r o l .  O n  the f i r s t  
day the frequency index of chromosome rearrangements w a s  soraewhat lower i n  t h e  
f i r s t  group of animals than i n  the con t ro l s ;  on the second day, it exceeded 
t h a t  of t h e  c o n t r o l s .  However, the  l ack  of dependabi l i ty  of the d i f f e rence  be- 
tween these groups, t oge the r  w i t h  t he  "denomination" f i u c t u a t i o n s  from t h e  
l e v e l  of t h e  c o n t r o l  index, ind ica ted  t h a t  the d i f f e rences  obtained were acc i -  
dent a1 . 

The average frequency index of chromosome cohesion w a s  increased on the 
first and second day after exposure ( table 5 )  , which i n  t u r n  r e s u l t e d  i n  a 
genera l  i nc rease  of d i s tu rbed  mitoses.  The u n i l a t e r a l  dev ia t ion  from t h e  con- 
t r o l  index l e v e l  confirms our earlier conclusion t h a t  v i b r a t i o n  increases  the  
frequency index of d i s tu rbed  mitoses i n  t h e  bone marrow of mice. 

I n  our study w e  observed t h e  i n h i b i t i o n  of m i t o t i c  a c t i v i t y  a f t e r  exp0sur.e 
t o  i r r a d i a t i o n ,  as d i d  many o the r  authors (Devik, Loothe, 1955; Karpfel,  1961; 
Knowlton, Widner, 1950). I n  both  group 1 and group 2 t h e  minimum mi to t i c  index 
occurred 1 hour after i r r a d i a t i o n ;  a f t e r  5 hours t h e  mi to t i c  index w a s  r e s t o r e d  
t o  the  c o n t r o l  l e v e l .  The f l u c t u a t i o n s  of mi to t i c  a c t i v i t y  observed af'temards 
did not  exceed the  l i m i t s  of those  i n  t h e  c o n t r o l  ( f i g .  3 ) .  

No a l t e r a t i o n  of mi to t i c  a c t i v i t y  was observed after exposure t o  v i b r a t i o n  
( f i g .  6 ) .  

Thus, t h e  d e t a i l e d  comparative ana lys i s  d i d  not r e v e a l  an increased f re-  
quency index of d i s tu rbed  mitoses a f t e r  combined exposure, as compared t o  t h e  
e f f e c t  of i r r a d i a t i o n  alone.  

Figure 5 .  
i n  bone marrow of mice a f t e r  i r r a d i a t i o n  ( 5 0  r )  and com- 
bined exposure ( V  + 50 r)  . 
Abscissa--time i n  hours a f t e r  exposure. 

A l t e ra t ions  of mi to t i c  a c t i v i t y  ( i n  percent )  

rI I I I I I I I I 
0 1  5 10 1u 20 24 32 42 4g 

v o Controls 

F igure  6. Mi to t ic  a c t i v i t y  of bone marrow of mice a f t e r  
exposure t o  v i b r a t i o n  ('70 cps) . 
Abscissa--time i n  hours a f t e r  exposure. 



We noted a divergence in  t h e  frequency ind ices  of c e r t a i n  types of mi to t i c  
(I is tur 'bmces.  Mter combined exposure the frequency index of c e l l s  p resent ing  
j~hromosome rearrangements decrezsed somewhat and t h a t  of c e l l s  p resent ing  chro - 
mosome cohesion increased.  

Ve assume tha t  our ana lys i s  comprised at least one cy to log ica l  cyc le  of 
i the  bone marcow, s ince  t h e  frequency index of mi to t ic  d i s turbances  decreased i n  
1 the experimental  groups almost t o  t h e  l e v e l  of t h e  con t ro l s .  According t o  

Zasimovskaya's latest data (1963), t h e  dura t ion  of the  cyc le  i n  t h e  bone /178 
marrw of mice is approximately 14 hours i n  t h e  e ry th ro ids  and 21 hours i n  t h e  
myeloids. I n  the  case of' our i r r a d i a t i o n  experiments the cyc le  w a s  extended. 
A s i m i l a r  p a t t e r n  w a s  estziblished e a r l i e r  i n  v i t r o  and i n  vivo i n  a number of 
sUb.jects (Chu, G i l s ,  Passano, P361; Knowlton, Widner, 1950; Dubinin and 
Dub in ina ,  1963, and o the r s )  . 

A d e t a i l e d  ana lys i s  of the bone marrow i n  t h e  animals exposed t o  v ib ra t ion  
confirmed our earlier conclusion t h a t  v ib ra t ion  increases  the  frequency index 
of d i s turbed  mitoses ,  which is a consequence of an increased  frequency of 
chromosome-cohering c e l l s .  

N o  d i f f e rence  w a s  found ir- the  dynamics of mi to t i c  a c t i v i t y  between t h e  
combined exposure and i r r a d i a t t o n  alone; v ib ra to ry  ac t ion  does not  substan-  
% i a l l y  a l ter  t h e  mytotic a c t i v i t y .  

Figure 7 i l l u s t r a t e s  the r e s u l t s  of i r r a d i a t i o n  exposure at 100 r and r 
and of combined exposure t o  v i b r a t i o n  (50  cps;  0 .44 mm; 20 min) md i r r a d i a t i o n  
at '9 r. The graph shows the common po in t s  f o r  both experiments.  W e  note t h a t  
t h e  curves represent ing  t h e  t o % a l  q u a n t i t y  of chromosome rearrangements co r re -  
spond a e l l  srith each o t h e r .  Tne coincidence of the r e s u l t s  of bo th  experiments,  
i n  which d i f f e r e n t  doses and d i f f e r e n t  v ib ra t ions  w e r e  used, confirms our as- 
sbmption: 
t o t a l  quan t i ty  of destroyed mitoses as compared t o  i r r a d i a t i o n  alone. Exposure 
t o  v ib ra t ion  alone increases  tile frequency index of chromosome coherences ( f i g  . 
8 ) .  

gives  the average value of t h e  bo rde r l ine  po in t  between two groups,  24 hours 
after exposure. The frequency index of chromosom coherence i 
r a t e l y  f o r  each group. 

the  v i b r a t i o n  administered before  i r r a d i a t i o n  does not  increase  the 

I ?do groups of animals were exposed t o  v i b r a t o r y  ac t ion  at  a frequency of 
7Q cps;  each of these  groups had i t s  own c o n t r o l  ( table 7 ) .  F igure  8 /I73 

What can be said concerning t h e  mechanism of v ib ra to ry  ac t ion?  I n  expe r i -  
ments by Conger (1948) and Sax ( 1943) , the mechanical f a c t o r s  
a t  a frequency of 9100 cps and cen t r i fuga t ion )  altered the  e f f e c t  of irradia- 
t i o n ,  b u t  d i d  not  themselves a f f e c t  the c e l l s .  Our observat ion w a s  somewhat 
s i m i l a r .  Exposure t o  v i b r a t i o n  of noni r rad ia ted  mice a l t e r e d  only t h e  f r e -  
,quency index of chromosome coherence,  which normally w a s  rather high (tables 1, 
3 ,  5 ,  6 and 7 ) .  
ments w a s  observed. Vibra t ion  combined with i r r a d i a t i o n  had a modifying e f f e c t ,  
s ince  t h e  chromosome rearrangements appeared as a r e s u l t  of i r r a d i a t i o n .  

No a l t e r a t i o n  i n  t h e  frequency index of chromosome rear range-  

Conger and Sax assume t h a t  sound v i b r a t i o n  and cen t r i fuga t ion  a f f e c t  t h e  
process of chromosome separa t ion  and reunion mechanically. I n  our experiments 



30 m i n  3 h r  1 day 2 days 

Figure 7. 
i n  c e r e c r a l  cor tex  c e l l s  of mice a f t e r  i r r a d i a t i n g  
w i t h  dosage of 100 r ?  combined a c t i o n  of irradia- 
t i o n  w i t h  dosage of 100 r and v i b r a t i o n  of 60 cps 
( V  + 100 r )  i r r a d i a t i o n  i n  50 r dosage, combined 
ac t ion  of i r r a d i a t i o n  with 50 r dosage and v ib ra -  
t i o n  of 70 cps ( V  + 9 r). 

Dynamics of chromosome rearrangement (6) 

I L 

5 h r  i day 2 days 

F igure  8 .  Dynamics of chromosome coherence ( i n  percent )  
i n  c e l l s  of bone marrow of mice a f t e r  exposure t o  v ib ra -  
t i o n  a t  60 cps (A) and 70 cps (B)  . 

t h i s  p o s s i b i l i t y  i s  not excluded; never the less ,  owing t o  t h e  l o w  v i b r a t i o n  f r e -  
quency, t h e  mechanical e f f e c t  should be i n s i g n i f i c a n t  . Moreover, t h e r e  is t h e  
p o s s i b i l i t y  of a mediated e f f e c t  of v i b r a t i o n  by the nervous system or  t h e  
mechanism of biochemical changes i n  t h e  bone marrow. It has been shown t h a t  
t h e  e f f e c t  of v ib ra t lon  alters t h e  sero tonin  l e v e l  of t h e  blood (Shashkov, 



Antipov e t  a l . ,  1962) and the  pu l se  rate and the  blood pressure  (Georgiyevskiy, 
Yuganov, 1962; Gaerman, 1940). D i l a t a t i o n  and con t r ac t ion  of t he  blood vesse l s  
alter the oxygen metabolism (An-dreyeva-Galanina e t  a l . ,  1961) , and there i s  
also a communication concerning t h e  d i r e c t  e f f e c t  of v i b r a t i o n  on the c e n t r a l  
nervous system (Ganshina, 1961). The c y t o l o g i c a l  e f f ec t iveness  of c e r t a i n  
metabol i tes  (hormones) has been shown by 0 .  I .  Epifanova (1962), N . I .  Shapiro 
e t  a l .  (1955) . A t  p re sen t  , f u r t h e r  p a r t i c u l a r s  concerning the v i b r a t o r y  e fyec t  

, on t h e  c e l l  cannot be given.  

Cone lus ion 

1. Vibrat ion induces an increase  i n  the  frequency index of d i s tu rbed  
mitoses i n  t h e  bone marrow c e l l s .  This increase  involves  c h i e f l y  the  frequency 
index of c e l l s  p resent ing  cohering chromosornes. 

2. Tie combined a c t i o n  of v ib ra t ion  and i r r a d i a t i o n  does n o t  increase  the  
Frequency indices  of cel ls  having d i s tu rbed  mitoses  above the  l e v e l  of irradia- 
t i o n  alone.  Nevertheless  , t h e  aspec t  of d i s tu rbed  mitoses a f te r  combined expo- 
sure  d i f f e r s  from t h e  aspec t  after i r r a d i a t i o n  alone: combined a c t i o n  increases  
t h e  frequency index of ce l l s  present ing  chromosome coherence and decreases  t h e  
frequency index of cel ls  with chromosome b i rdges .  

3. The mi to t i c  a c t i v i t y  of t h e  bone marrow i n  irradiated animals ( a t  50 r) 
d i d  not  d i f f e r  from t he  m i t o t i c  a c t i v i t y  of the bone marrow after combined ex-  
posure ( V  t w r )  . 

4. N o  changes i n  m i t o t i c  a c t i v i t y  w e r e  found af'ter exposure t o  v i b r a t i o n  
(a t  70 cps)  , as compared t o  the  c o n t r o l  l e v e l .  
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